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METHOD OF TREATING DIABETES BY INHIBmNG DEGRADATION OF 
AT LEAST ONE OF CREBLl , ATF6, AND HNF-4 a BY HtrA2 

TECHNICAL FIELD 

[0001] The present invention relates to a method for inhibiting the degradation of at least one of 
CREBLl (cAMP responsive element binding protein-like 1), ATF6 (activating transcription factor 6), 
and HNF-4a (hepatocyte nuclear factor 4a), and a method for preventing and/or treating diabetes, 
comprising inhibiting the degradation by HtrA2 (high temperature requirement protein A2) of at least 
one of CREBLl , ATF6, and HNF-4a. Particularly, the present invention relates to a method for 
inhibiting the degradation of at least one of CREBLl, ATF6, and HNF-4a, comprising inhibiting the 
function of HtrA2 (for example, inhibiting the cleavage by HtrA2 of at least one of CREBLl , ATF6, 
and HNF-4a or inhibiting the interaction of at least one of CREBLl, ATF6, and HNF-4a with HtrA2). 
Fvirther, the present invention relates to a method for preventing and/or treating diabetes comprising 
using the aforementioned degradation method. Further, the present invention relates to a method for 
preventing and/or treating diabetes comprising using one or more compounds that inhibit the 
degradation by HtrA2 of at least one of CREBLl, ATF6, and HNF-4a, and an agent for preventing 
and/or treating diabetes comprising one or more compounds. Further, the present invention relates to a 
methodofidentifyingacompound that iriWbits the degradation of at least one of CREB ATF6, and 
HNF-4a. Further, the present invention relates to a method of identijfying a compound that is to be an 
active ingredient for an agent for preventing and/or treating diabetes. Further, the present invention 
relates to a method for inhibiting cell death comprising inhibiting the degradation by HtrA2 of 
CREBLl and/or ATF6. Further, the present invention relates to a method for inhibiting cell death 
comprising using one or more compounds that inhibit the degradation by HtrA2 of CREBLl and/or 
ATF6, and to an agent for inhibiting cell death comprising one or more compoxmds. Further, the 
present invention relates to a method for preventing and/or treating type 2 diabetes comprising 
inhibiting the degradation by HtrA2 of HNF-4a. Further, the present invention relates to an agent for 
preventing and/or treating type 2 diabetes comprising one or more compounds that inhibit the 
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degradation by HtrA2 of HNF-4a. Further, the present invention relates to a reagent kit comprising at 
least one selected from the group consisting of HtrA2, a polynucleotide encoding HtrA2, and a vector 
containing the polynucleotide encoding HtrA2; and at least one selected from the groiq) consisting of 
CREBLl, ATF6, HNF-4a, a polynucleotide encoding CREBLl, ATF6, orHNF-4a, and a vector 
containing the polynucleotide encoding CREBLl, ATF6, or HNF-4a. 

BACKGROUND OF INVENTION 

[0002] Organisms are taking self defense against stresses formed on the environmentals, by 
regulating the survival and apoptosis (cell death) of cells, while the disturbed regulation of the survival 
and apoptosis-controlling mechanism may cause excessive cell death to induce various disorders 
(Non-Patent Reference 1). 

[0003] In recent years, researches have been remarkable progressed on mitochondria and 
endoplasmic retictilum as sites for perceiving and regulating stresses. It has been reported that HtrA2 
protein (hereinafter referred to as HtrA2) located at a mitochondrial membrane translocates from the 
mitochondrial membrane to cytoplasm due to stress such as UV and heat shock (Non-Patent 
References 2-5), thereby induces two types of cell death, that is, caspase dependent cell death and 
caspase independent cell death (Non-Patent Reference 6). HtrA2 preciarsor protein (SEQ ID NO: 2) 
converts to the mature type (SEQ ID NO: 4) by being cleaved the N-tenninal 133 amino acids thereof 
and then translocates from mitochondria to cytoplasm. The mature Htr A2 has a protease activity. 
Herein after, HtrA2 with the protease activity may be referred to as active HtrA2. 
[0004] It is known that caspase independent cell death is depending on the feature of HtrA2 itself as 
a serine protease and that caspase independent cell death is not triggered by the HtrA2 mutant with 
306^ serine in the amino acid sequence of the precursor protein thereof (this position is corresponding 
to 174* in mature type) substituted with alanine (Non-Patent References 3-5). Such HtrA2 mutant has 
no protease activity. Herein after, HtrA2 without the protease activity may be referred to as inactive 
HtrA2. As mentioned, HtrA2 is a factor that plays important roles in the mechanism of inducing 
caspase independent ceU death. 



[0005] The Refei^nces cited in the'spedficadon arc listed as follows: 

Non-patent Reference 1 : "Saibou Kougaku (Cell Technology) ", 2002, Vol.21 , No.4, p.360- 

394. 

Non-patent Reference 2: Yamaguchi H. et al., "Cancer Research", 2003, Vol.63, p.1483-1489. 
Non-patent Reference 3: Suzuki Y. etal., "Molecular CeU", 2001, Vol.8, p.613-621. 
Non-patent Reference 4: Hegde Ret al., "The Journal of Biological Chemistry", 2002, 
VoU77,p.432^38. 

Non-patent Reference 5: Martins L.M. et al., "The Journal of Biological Chemistry", 2002, 
Vol.277, p.439-444. 

Non-patent Reference 6: "Jikken Igaku (Experimental Medicine) ", 2002, Vol.20, No.l, p.73- 

75. 

Non-patent Referaice 7: "Naika", 2003, Vol.91, No.l, p.63-67. 

Non-patent References: Kaufinan RJ. et al., "The Journal of Clinical lnvestigation", 2002, 
Vol.110, p.1389-1398. 

Non-patent Reference 9: Haze K. et al., "The Biochemical Journal", 2001 , Vol.355, p. 1 9-28. 
Non-patent Reference 10: "Journal of Molecular Endocrinology", 2001, Vol.27, No.l, p.l 1- 

29. 

Non-patent Referance 1 1 : "Rinsho Byori (The J^mese Journal of Clinical Pathology)", 2001, 
Vol.49, No.2,p.l61-164. 

Non-patent Reference 12: UlmerK.M., "Science", 1983, VoL219,p.666-671. 
Non-patent Reference 13: "PEPUTIDO GOUSEI", Manizen Co., Ltd., 1975. 
Non-patent Reference 14: Teptide Synthesis", Interscience, New Yoric, 1996. 

DISCLOSURE OF THE INVENTION 

[PROBLEM TO BE SOLVED BY THE INVENTION] 

[0006] In recent years, it has been reported that endoplasmic reticulum stress causes pancreatic P cell 
death, resulting in the onset of diabetes. The pancreatic P cell is in diaige of the production and 



secretion of insulin, vAnch has highly*developed endoplasmic reticulum and is highly sensitive to 
endoplasmic reticulum stress. In other words, it is considered that collapse of tiie defense system in 
response to endoplasmic reticulum stress causes P cell loss by cell death, resulting in insulin secretion 
failure that results in aggravation of diabetes (Non-Patent Reference 7). In the meantime, it is also 
reported that endoplasmic reticulum stress enhances the expression of HtrA2. From these facts, it is 
believed that HtrA2 is likely to be a nev^ target of diabetes and that inhibition of cell death due to 
endoplasmic reticulum stress may become a novel target for drug discovery. 
[0007] Under the circumstances vvdiere a mechanism of caspase independent cell death caused by 
HtrA2 and a substrate of HtrA2 have not yet been clarified, an object of the present invention is to find 
out a protein that interacts witii Htr A2 and to provide a means that allows prevention and/or treatment 
of disorders attributable to the degradation of the protein by HtrA2. 
[MEANS FOR SOLVING THE PROBLEM] 

[0008] The present invmtors have concentrated intensively efforts to solve the aforementioned 
problem. We predicted in-silico that HtrA2 interacts with CREBLl and HNF-4a, and then found 
experimentally that CREBLl, ATF6 that is afamily member of CREBLl, and HNF-4a, were 
degraded by active HtrA2. Thus, we achieved the present invention. 

[0009] Namely, the present invention relates to a method for inhibiting the degradation of at least 
one of CREBLl (cAMP responsive element binding protein-like 1), ATF6 (activating transcription 
factor 6), and HNF-4a (hqjatocyte nuclear factor-4a), comprising inhibiting the fimction of HtrA2 
(high temperature requirement protein A2). 

[0010] The present invention also relates to the aforementioned method for inhibiting the 
degradation of at least one of CREBLl , ATF6, and HNF-4a, in wiiich to inhibit the fimction of HtrA2 
is to inhibit the cleavage by HtrA2 of at least one of CREBLl , ATF6, and HNF-4a , wherein to inhibit 
the cleavage by HtrA2 of CREBLl brings inhibition of the degradation of CREBLl , to inhibit the ' 
cleavage by HtrA2 of ATF6 brings inhibition of the degradation of ATF6, and to inhibit the cleavage 
by HtrA2 of HNF-4a brings inhibition of the degradation of HNF-4a. 
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[0011] The present invention fuither relates to the aforementioned method for inhibiting the 
degradation of at least one of CREBLl , ATF6, and HNF-4a, in which to inhibit the function of HtrA2 
is to inhibit the interaction of the HtrA2 with at least one of CREBLl , ATF6, and HNF-4a, vsdierein to 
inhibit the interaction of the HtrA2 with CREBLl brings inhibition of the degradation of CREBLl, to 
inhibit tihie interaction of the HtrA2 with ATF6 brings inhibition of the degradation of ATF6, and to 
inhibit the interaction of the HtrA2 with HNF-4a brings inhibition of the degradation of HNF-4a. 
[0012] The present invention still ftirther relates to a method for preventing and/or treating diabetes, 
comprising inhibiting the degradation by HtrA2 of at least one of CREBLl , ATF6, and HNF-4a. 
[0013] The present invention also relates to a method for preventing and/or treating diabetes, 
comprising using the aforementioned method for inhibiting the degradation of at least one of CREBLl, 
ATF6,andHNF-4a. 

[0014] The present invention further relates to a method for preventing and/or treating diabetes, 
comprising using one or more compounds that inhibit the degradation by HtrA2 of at least one of 
CREBLl, ATT6, and HNF-4a. 

[0015] The present invmtion still further relates to an agent for preventing and/or treating diabetes, 
comprising one or more compounds that inhibit tiie degradation by HtrA2 of at least one of CREBLl , 

ATF6,andHNF-4a. 

[0016] The present invention also relates to a method of identifying a compound that inhibits the 
degradation by HtrA2 of at least one of CREBLl , ATF6, and HNF-4a, comprising contacting at least 
one of CREBLl , ATF6, and HNF-4a and/or HtrA2 with a compound (a test compoimd) under 
conditions that allow the degradation by HtrA2 of at least one of CREBLl, ATF6, and HNF-4a; 
introducing a system using a signal and/or a marker c£^able of detecting at least one of CREBLl , 
ATF6, and HNF^a; detecting the presence or absence and/or change of the signal and/or the marker; 
and determining whether the test compound inhibits tiie degradation of at leaist one of CREBLl , ATF6, 
andHNF^. 

[0017] The present invention further relates to a method of identifying a compound that inhibits the 
degradation by HtrA2 of at least one of CREBLl , ATF6, and HNF-4a, comprising contacting at least 
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one of CREBLl , ATF6, and HNF-4a and/or HtrA2 with a compound (a test compoimd) under 
conditions that allow the degradation by HtrA2 of at least one of CREBLl , ATF6, and HNF-4a; 
detecting the presence or absence of at least one of CREBLl , ATF6, and HNF-4a, and/or measuring 
the change of tiie amount thereof, or detecting the presence or absence of the degradation product of at 
least one of CREBLl , ATF6, and HNF-4a, and/or measuring the change of the amount thereof ; and 
determining A\4iethCT the test compound inhibits the degradation of at least one of CREBLl , ATF6, 
andHNF-4a. 

[0018] The present invention still ftirther relates to the aforementioned method, wherein the method 
of identifying a compound that inhibits the degradation by HtrA2 of at least one of CREBLl , ATF6, 
and HNF-4a is a method of identifying a compound that is an active ingredient in an agent for 
preventing and/or treating diabetes. 

[0019] The present invention also relates to a method for inhibiting cell death, comprising inhibiting 
the degradation by HtrA2 of CREBLl and/or ATF6. 

[0020] The present invention further relates to a method for inhibiting cell death, comprising using 
one or more compounds that inhibit the degradation by HtrA2 of CREBLl and/or ATF6. 
[0021] The present invention still further relates to the aforementioned method for inhibiting cell 
death, in which the cell death is cell death of a pancreatic P cell. 

[0022] The present invention also relates to an agent for inhibiting cell death, comprising one or 
more compounds that inhibit tiie degradation by HtrA2 of CREBLl and/or ATF6. 
[0023] The present invention fiirther relates to the aforementioned agent for inhibiting cell death, 
wiierein the cell death is cell death of a pancreatic P cell. 

[0024] The present invention still fiirther relates to a method for preventing and/or treating diabetes, 
comprising using the aforementioned method for inhibiting cell death. 

[0025] The present invention also relates to a method for preventing and/or treating type 2 diabetes, 
comprising inhibiting the degradation by HtrA2 of HNF-4a. 

[0026] The present invention further relates to an agent for preventing and/or treating type 2 diabetes, 
comprising one or more compounds that inhibit the degradation by HtrA2 of HNF-4a. 
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[00271 The present invention still further relates to a reagent kit, comprising at least one selected 
fix)m the group consisting of HtrA2, a polynucleotide encoding HtrA2, and a vector containing the 
polynucleotide encoding HtrA2; and at least one selected fiDm the group consisting of CREBLl , 
ATF6, HNF-4a, a polynucleotide encoding CREBLl , ATF6, or HNF-4a, and a vector containing the 
polynucleotide encoding CREBLl, ATF6, or HNF-4a. 
[ADVANTAGE OF THE INVENTION] 

[0028] According to the present invention, to inhibit the degradation by HtrA2 of at least one of 
CREBLl , ATF6, and HNF-4a enables to inhibit the reduction or disappearance of the amount of at 
least one of these proteins, and as result, enables to prevent and/or treat diabetes. 
[0029] It is considered that both CREBLl and ATF6 perceive the endoplasmic i^culum stress to 
induce transcription of chaperon genes and involve in the recovery from the endoplasmic reticulum 
stress in cells and survival of the cells (Non-Patent References 8 and 9). It has also been reported that 
the endoplasmic reticulum stress causes pancreatic p cell death, and thereby promotes diabetes (Non- 
Patent Reference 7). From these facts, it is beKeved that the degradation of CREBLl and/or ATF6 by 
HtrA2 causes the reduction or disappearance of the amount of these proteins, arid thereby induces the 
enhanced cell death due to stress and the like, such as pancreatic p cell deafli, resulting in the promoted 
diabetes. Therefore, to inhibit the degradation by HtrA2 of CREBLl and^or ATF6 and thereby to 
inhibit the reduction or dis^pearance of the amount of these proteins enable to inhibit cell deafli (such 
as pancreatic p cell death), and as result, enables to prevent and/or treat diabetes. 
[0030] It has been clarified that loss of HNF^ function causes disordered glucose metabohsm and 
that HNF-4a gene is a causative gene for genetic type 2 diabetes MODYl (Non-Patent References 10 
and 1 1). From these fects, it is beUeved that the reduction or disappearance of the amount of HNF-4a 
causes disordered glucose metabolism, which results in aggravation of diabetes (for example, type 2 
diabetes). In other words, it is believed that the degradation of HNF-4a by HtrA2 causes the reduction 
or disappearance of the amount of HNF-4a, thereby to give disordered glucose metabolism, wiiich 
results in aggravation of diabetes (for example, type 2 diabetes). Therefore, to inhibit the degradation 
by HtrA2 of HNF-4a and thereby to inhibit the reduction or dis^pearance of the amount of HNF-4a 
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enable to nonnalize the glucose metabolism, and as result, enable to prevent and/or treat diabetes (for 
example, type 2 diabetes). 

[0031] It is believed that inhibition of the degradation by HtrA2 of CREBLl and/or ATF6 and 
inhibition of the degradation by HtrA2 of HNF-4a act in preventing and/or treating diabetes through 
their respective different mechanisms. Therefore, to inhibit both the degradation by HtrA2 of 
CREBLl and/or ATF6 and the degradation by HtrA2 of HNF-4a enables to achieve the prevention 
and/or treatment of diabetes through both of their respective different mechanisms, thereby to provide 
a higher effect. 

[0032] According to the present invention, a method of identifying a compound lhat inhibits the 
degradation by HtrA2 of at least one of CREBLl , ATF6 and HNF-4a can be also carried out The 
compound obtained by the identificatiori method can be used for preventing and/or treating diabetes. 

BRIEF DESCRIFnON OF THE DRAWINGS 

[0033] Fig. 1-A shows that CREBLl v^as degraded in vitro by active HtrA2 (mature HtrA2). The 
band of CREBLl v^as reduced significantly with the reaction of active HtrA2 with CREBLl for 
overnight (O/N). On the other hand, the degradation of CREBL 1 by inactive HtrA2 (mature HtrA2 

(S306A)) was not observed (Example 2). 

[0034] Fig. 1-B shows that ATF6 was degraded in vitro by active HtrA2 (mature HtrA2). The band 
of ATF6 was reduced significantly with the reaction of active HtrA2 with ATF6 for 4 hours (4h) or for 
overnight (O/N). On the other hand, the degradation of ATF6 by inactive HtrA2 (mature HtrA2 
(S306A)) was not obs^ed (Example 2). 

[0035] Fig. 2-A shows that CREBLl was degraded in a cell by active HtrA2 mutant (mature HtrA2 
(AAVPS) that lacks N-terminal four ammo acid residues of the active HtrA2 (mature HtrA2); or 
mature HtrA2 (GVPS) with the substitution of alanine at the N-terminal amino acid of the active 
HtrA2 with glycine) (upper panel). In the analysis using cells in which the mature HtrA2 (AAVPS) or 
the mature HtrA2 (GVPS) was co-expressed with CREBLl , the band of CREBLl was reduced 
significantly (upper panel). On the other hand, in the analysis using cells in which inactive HtrA2 
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mutant (the mature HtrA2 S306 (AAVPS) or the mature HtrA2 S306 (GVPS)) was cx>-e5q)ressed vsdth 
CREBLl , reduction of the band of CREBLl was not observed (iqjper panel). The expression of each 
HtrA2 mutant in the cells was almost same among the cells (lower panel) (Example 3). 
[0036] Fig. 2-B shows that ATF6 was degraded in a cell by active HtrA2 mutant (mature HtrA2 
(AAVPS) that lacks N-terminal four amino acid residues of the active HtrA2 (mature HtrA2); or 
mature HtrA2 (GVPS) with the substitution of alanine at the N-terminal amino acid of the active 
HtrA2 with glycine) (upper panel). In the analysis using cells in which the mature HtrA2 (AAVPS) or 
the mature HtrA2 (GVPS) was co-expressed with ATF6, the band of ATF6 was reduced significantly 
(upper panel). On the other hand, in the analysis using cells in which inactive HtrA2 mutant (the 
mature HtrA2 S306 (AAVPS) or the mature HtrA2 S306 (GVPS)) was co^xpressed with ATF6, 
reduction of the band of ATF6 was not observed (upper panel). The expression of each HtrA2 mutant 
in the cells was almost same among the cells (lower panel) (Example 3) 

[0037] Fig. 3 shows that the degradation of CREBLl by active HtrA2 (mature HtrA2) was detected 
in the study using N-terminal tagged-CREBLl with biotinylated lysine residue within the protein and 
detecting the biotin. The band of biotinylated CREBLl was reduced significantiy with the reaction of 
active HtrA2 witii CREBLl for 4 hours (4h) or overnight (O/N), and the band around 50 kDa was 
detected which is considered to be a band indicating the degradation product of CREBLl . On the 
other hand, tiie degradation of CREBLl by inactive HtrA2 (mature HtrA2 (S306A)) was not observed, 
and the band around 50kDa as above was not detected (Example 4). 

[0038] Fig. 4 shows tiiat the degradation of CREBL 1 by active HtrA2 (mature HtrA2) was detected 
in the study using N-terminal tagged-CREBLl with biotinylated lysine residue within the protein by 
detecting the Tag ligated at the N-terminal. The band of N-terminal tagged-CREBLl was reduced 
significantiy with tiie reaction of active HtrA2 with CREBLl for 4 hours (4h) or overnight (O/N). The 
band around 50 kDa that was detected in the study shown in Fig. 3, which is considered to be a band 
indicating tiie degradation product of CREBLl , was not detected. The detection was conducted using 
anti-Tag antibody. On the other hand, the degradation of CREBLl by inactive HtrA2 (mature HtrA2 
(S306A)) was not observed (Example 4). 



Fig. 5 shows that CREBLl* was degraded in vitro by active HtrA2 (mature Htr^ The 
band of CREBLl was significantly reduced with the reaction of active HtrA2 with CREBLl for 
overnight (O/N). On the other hand, the degradation of CREBLl by inactive HtrA2 (mature HtrA2 
(S306A)) was not observed (Example 6). 

Fig. 6 shows that CREBLl was degraded in a cell by active HtrA2 mutant (mature HtrA2 
(AAVPS) that lacks N-terminal four amino acid residues of the active HtrA2 (mature HtrA2); or 
mature HtrA2 (GVPS) with the substitution of alanine at the N-terminal amino acid of the active 
HtrA2 with glycine). In the analysis using cells in which the mature HtrA2 (AAVPS) or the mature 
HtrA2 (GVPS) was co-expressed with CREBLl, the band of CREBLl was reduced significantly. On 
the other hand, in the analysis using cells in vAdch inactive HtrA2 mutant (the mature HtrA2 S306 
(AAVPS) or the mature HtrA2 S306 (GVPS)) was co-expressed with CREBLl , reduction of the band 
of CREBLl was not observed (Example 7). 

DETAILED DESCRIPTION OF THE INVENTION 

[0039] The present invention claims the benefit of priority from Japanese Patent Application No. 
2003-342587, which is incorporated herein by reference in its entirety. 

[0040] In the present specification, the term "polypeptide" may be used as a generic temi which 
includes the foUowings: an isolated or a synthetic full-length protein; an isolated or a synthetic fijll- 
length polypeptide; and an isolated or a synthetic full-length oligopeptide. A protein, a polypeptide or 
an oligopeptide used herein comprises two or more amino acids that are bound to each other by 
peptide bond or modified peptide bond Herein after, an amino acid may be represented by a single 
letter or by three letters. 

[0041] In the present invention, the interaction of HtrA2 with CREBLl and with HNF^ was 
predicted m-silico according to the method described in the pamphlet of International Publication No. 
WO 01/67299. Further, it was revealed by way of experiment, for the first time, that an active foma of 
HtrA2 degrades CREBLl, ATF6 that is a CREBLl family protein and HNF-4a. 
[0042] CREBLl is one of ATF6 family and is also referted to as ATF6p. It has been known tiiat 
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locates in endoplasmic retictdum anU the portion thereof translocates into nucleus upon endoplasmic 
reticulum stress after processing by S 1 P and S2P to work as a transcription factor. It is considered that 
both CREBLl and ATF6 perceive the endoplasmic reticulum stress to induce transcription of 
chaperon genes, and involve in the recovery of the stress in cells and the survival of the cells (Non- 
Patent References 8 and 9). In addition, it has been reported that endoplasmic reticulum stress causes 
pancreatic p cell death, thereby to progress diabetes (Non-Patent Reference 7). From these facts, it is 
believed that the degradation of CREBLl and/or ATF6 by HtrA2 causes the reduction or 
disappearance of the amount of these proteins, and thereby induces the enhanced cell death due to 
stress and the like, such as pancreatic p cell death, which results in the aggravation of diabetes. 
[0043] Accordingly, to inhibit the degradation by HtrA2 of CREBLl and/or ATF6 enables to inhibit 
the reduction or disappearance of the amount of at least one of these proteins, thereby enables to inhibit 
the cell death due to stress and tiie like, such as pancreatic p cell death. Further the prevention and/or 
treatment of diabetes can be conducted. 

[0044] It has been clarified that loss of HNF-4a function causes disordered glucose metabolism and 
that HNF-4a gene is a causative gene for genetic type 2 diabetes MOD Y 1 (Non-Patent References 1 0 
and 1 1 ). From these facts, it is believed that the reduction or dis^pearance of the amount of HNF-4a 
causes disordered glucose metabolism resulting in aggravation of diabetes (for example, type 2 
diabetes). In other words, it is believed that the degradation of HNF^a by HtrA2 causes the reduction 
or disappearance of the amount of HNF-4a, thereby to give disoidered glucose metabolism, resulting 
in aggravation of diabetes (for example, type 2 diabetes). 

[0045] Therefore, to inhibit tiie degradation by HtrA2 of HNF-4a enables to inhibit the reduction or 
disappearance of the amount of HNF-4a, and as result, enables to normalize the glucose metabolism. 
Further, the prevention and/or treatment of diabetes, for example, type 2 diabetes can be conducted 
[0046] As described above, to inhibit the degradation by HtrA2 of at least one of CREBLl , ATF6 
and HNF-4 and thereby to inhibit the reduction or disappearance of the amount of at least one of these 
proteins enable to achieve the prevention and/or treatment of diabetes. In comparison of the eflFect of 
the prevention and/or treatment of diabetes v^ch is obtainable by inhibiting the degradation of any 
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one of these proteins, the higher eflfedt can be obtainable by inhibiting the degradation by HtrA2 of two 
or three of these proteins. 

[0047] It is believed that inhibition of the degradation by HtrA2 of CREBLl and/or ATF6 and 
inhibition of the degradation by HtrA2 of HNF^ act in preventing and/or treating diabetes through 
their respective different mechanisms. The inhibition of the degradation by HtrA2 of CREBLl and/or 
ATF6 is believed that it acts in preventing and/or treating diabetes through inhibition of pancreatic p 
cell death. Li the mean while, the inhibition of the degradation by HtrA2 of HNF-4a is believed that it 
acts in preventing and/or treating diabetes (for example, type 2 diabetes), through normalization of 
glucose metabolism. Therefore, to inhibit both the degradation by HtrA2 of CREBLl and/or ATF6 
and the degradation by HtrA2 of HNF-4a enables to achieve the prevention and/or treatment of 
diabetes through both of their respective different mechanisms, thereby to provide a higher effect. 
[0048] Based on these findings thus obtained, the present invention provides a method for inhibiting 
the degradation by HtrA2 of at least one of CREBLl, ATF6, and HNF-4a. The present invention also 
provides a method for preventing and/or treating disorders attributable to the degradation of at least one 
of CREBLl, ATF6, and HNF^a by HtrA2, such as diabetes. 

[0049] A method for inhibiting the degradation of at least one of CREBLl, ATF6, and HNF-4a can 
be carried out by inhibiting the function of HTrA2. 

[0050] The fiinction of HtrA2 includes the protease activity to cleave at least one of CREBLl , ATF6, 
and HNF-4a. A protease generally cleaves one or more peptide bonds of a protein to take place the 
proteolysis. In fact, HtrA2 cleaved the peptide bonds of CREBLl at the several sites to degrade 
CREBLl (Example 4). It is then considered that similarly, HtrA2 cleaves the pqptide bonds of ATF6 
and HNF-4a at the one or more sites to degrade these proteins. 

[0051] Therefore, a metiiod for inhibiting the degradation of at least one of CREBLl, ATF6, and 
HNF-4a can be canied out by inhibiting the cleavage by HtrA2 of at least one of CREBLl , ATF6, and 
HNF-4. In the method for inhibiting the degradation, the degradation of CREBLl is inhibited by 
inhibiting the cleavage by HtrA2 of CREBLl, tiie degradation of ATF6 is inhibited by inhibiting the 
cleavage by HtrA2 of ATF6, and the degradation of HNF^.is inhibited by inhibiting the cleavage by 

12 



HtrA2ofHNF-4a. 

[0052] The function of HtrA2 also implies its interaction with at least one of CREBLl , ATF6, and 
HNF-4a. "Interaction of HtrA2 with at least one of CREBLl, ATF6, and HNF-4a" as described 
herein means that HtrA2 and at least one of CREBLl, ATF6, and HNF-4a affect each other in a 
certain manner, and as a specifically result, HtrA2 may degrade at least one of CREBLl, ATF6, and 
HNF-4a. The term "in a certain manner" includes "by binding to", "by contacting with", or "by being 
adjacent to", and may be any manner as long as it allows their aflFection each other. 
[0053] Therefore, the inhibition of HtrA2 fiom interacting with at least one of CREBL 1 , ATF6, and 
HNF-4a allows carrying out a method for inhibiting the degradation of at least one of CREBLl, ATF6, 
andHNF-4a. 

[0054] A method for inhibiting the degradation of at least one of CREBLl , ATF6, and HNF-4a can 
be carried out by inhibiting the function of HtrA2 preferably in an in vitro sample comprising at least 
one of CREBLl, ATF6, and HNF^a, and HtrA2. 

[0055] The method for inhibiting the degradation of at least one of CREBLl , ATF6, and HNF-4a 
can be specifically carried out xasing a compound that inhibits the cleavage by HtrA2 of at least one of 
CREBLl, ATF6, and HNF-4a. Such compound includes a compound tiiat inhibits the protease 
activity of HtrA2, and preferably a compound that specifically inhibits the protease activity of HtrA2. 
The compound that specifically inhibits the protease activity of HtrA2 denotes such a compound that 
strongly inhibits the protease activity of HtrA2, but does not inhibit or weakly inhibits the activity of 
other enzymes. The compound that inhibits the protease activity of HtrA2 can be identified and 
obtained, for example, by adding a compound (hereinafier referred to as "test compound") in a system 
for detecting the degradation of substrate by HtrA2 using CREBLl , ATF6, or HNF-4a as the substrate, 
and then determining whether the test compound inhibits the degradation of the substrate. The 
compound that specifically inhibits the protease activity of HtrA2 can be obtained fiom the compounds 
identified as above by selecting a compound that inhibits more strongly the protease activity of HtrA2 
than the activity of the other enzymes. The compound that inhibits the cleavage by HtrA2 of at least 
one of CREBLl, ATF6, and HNF-4a may be, for example, a polypeptide comprising the amino acid 
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sequence of a site, in each of amind acid sequmces of CREBLl, ATF6, HNF-4a or HtrA2, vsiiere 
HtrA2 interacts with CREBLl, ATF6, or HNF-4a. In particular, such a polypeptide derived fiom 
CREBLl, ATF6 or HNF^ vAnch serves as the substrate of HtrA2 can competitively inhibit the 
interaction of HtrA2 with CREBLl, ATF6 or HNF-4a, and can inhibit the cleavage by HlrA2 of these 
proteins. Such a polypeptide which furtiier specifically inhibits the interaction of HtrA2 with CREBLl , 
ATF6, or HNF-4a is more preferably used in the method for inhibiting the degradation according to 
the present invention. The polypeptide that specifically inhibits the interaction of HtrA2 with at least 
one of CREBLl, ATF6 and HNF-4a, denotes a polypeptide that strongly inhibits the interaction of 
HtrA2 with at least one of CREBLl, ATF6, and HNF-4a, but does not inhibit or weakly inhibits the 
other protein-protein interaction. Further, the polypeptide comprising the amino add sequence of a 
degradation site of CREBLl , ATF6, or HNF-4a by HtrA2 may be preferably a compound that inhibits 
the cleavage by HtrA2 of at least one of CREBLl, ATF6, and HNF^. Such a polypeptide which 
fiirther specifically inhibits the degradation by HtrA2 of CREBLl, ATF6 or HNF-4a is preferably 
used in the metiiod for inhibiting the degradation according to the present invention. The polypeptide 
that specifically inhibits the degradation by HtrA2 of CREBLl, ATT6 or HIS[F-4<i, denotes such a 
polypeptide that strongly inhibits the degradation by HtrA2 of at least one of CREBLl, ATF6, and 
HNF-4a, but does not inhibit or weakly inhibits the degradation by HtrA2 of other proteins. 
[0056] A method for inhibiting the degradation of at least one of CREBLl , ATF6, and HNF-4a can 
be carried out using a compound that inhibits the interaction of at least one of CREBLl, ATF6, and 
HNF-4a with HtrA2. The compound that inhibits the interaction of at least one of CREBLl, ATF6, 
and HNF-4a with HtrA2 which fijrther shows the inhibitory effect specifically on the interaction is 
more preferably used in the method for inhibiting the degradation according to the present invention. 
The compound, which specifically inhibits the interaction of at least one of CREBLl, ATF6, and 
HNF-4a with HtrA2, denotes such a compound that strongly inhibits the interaction, but does not 
inhibit or weakly inhibits the other protein-protein interaction. Such a compound may be, for example, 
a polypeptide comprising the amino acid sequence of a site, in each of amino acid sequences of 
CREBLl, ATF6, HNF-4a or HtrA2, v^ere CREBLl, ATPe, or HNF-4a interacts with HtrA2. hi 
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particular, such a polypeptide derived fix>m CREBLl, ATF6 or HNF-4a vMch serves as the substrate 
of HtrA2 can competitively inhibit the interaction of CREBLl, Am or HNF-4a, wdth HtrA2, and 
can inhibit the degradation by HtrA2 of these proteins. 

[0057] A polypeptide that can be used in the method for inhibiting the degradation of at least one of 
CREBLl, ATF6, and HNF-4a, can be obtained by firstly designing polypeptides based on the amino 
acid sequence of CREBLl, ATF6, HNF-4a, or HtrA2, synthesizing them by peptide synthesis 
mefliods well-known in the art, and selecting a polypeptide that inhibits the degradation of at least one 
of CREBLl, ATF6, and HNF-4a by HtrA2. For example, the polypeptide comprising the amino acid 
sequence of an interaction site with HtrA2 or a degradation site by HtrA2 in each of amino add 
sequences of CREBLl, ATF6, and HNF-4a may be preferably used. A polypeptide having an amino 
add sequence derived fiom the thus specified polypeptide, in which a mutation such as a deletion, 
substitution, addition or insertion of one to several amino acids was introduced, is also included in the 
scope of the presmt invention. A polypeptide that also inhibits the degradation by HtrA2 of CREBLl , 
ATF6, or HNF-4a, is preferable for such a polypeptide into which the mutation is introduced. A 
polypeptide having the mutation may be a naturally existing polypeptide or a polypq>tide in \s4uch a 
mutation was introduced Techniques for introducing a mutation such as a deletion, substitution, 
addition or insertion are known. For example, the Ulmer technique (Non-patent Refeimce 12) may be 
utilized. When introducing a mutation as described above, in view of avoiding a change in the 
fimdamental properties (such as physical properties, function, physiological activity, and 
immunological activity) of tiie polypeptide, mutual substitution among homologous amino acids (polar 
amino acids, non-polar amino acids, hydrophobic amino adds, hydrophilic amino adds, positive- 
charged amino acids, negative-charged amino acids and aromatic amino acids or the like) may be 
readily conceived. Furthermore, these usable polypeptides can be modified to tiie extent that no 
significant fimctional change is involved, such as modification of its constituent amino group or 
carboxyl group and the like by an amidation and the like. 

[0058] The aforementioned polypeptide can be produced by common methods that are known in 
peptide chemistry. A method described in the References (Non-patent documents 13 and 14), for 
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example, may be used, although the methods are not limited thereto, and known methods can be 
broadly utilized. Particularly, a peptide synthesis method using an ordinary liquid phase method and 
solid phase method, such as, for example, the Fmoc method can be used. Moreover, an amino acid 
synthesizer that is commercially available can be used for producing the polypeptide. Alternatively, a 
technology of gene manipulation can be also used for producing the polypeptide. For example, a gene 
encoding a polypeptide of interest can be used to prepare a recombinant expression vector that can 
express the gene in a host cell, followed by transfection of the recombinant expression vector into a 
suitable host cell such as E. coli to obtain a transformant. Culturing the transformant and collecting the 
polypeptide of interest from the obtained culture product achieves the production of the polypeptide. 
[0059] A method for inhibiting the degradation of at least one of CREBLl, ATF6, and HNF-4a can 
be also carried out using an antibody that recognizes CREBLl, ATF6, HNF-4a or HtrA2 and inhibits 
the degradation by HtrA2 of CREBLl, ATF6, or HNF-4a. Such an antibody can be produced by 
known methods for preparing an antibody using CREBLl, ATF6, HNF-4a, a polypeptide comprising 
the amino acid sequence of an interaction site of CREBLl , ATF6, or HNF-4a with HtrA2, or the like 
as an antigen. 

[0060] A compound that inhibits the cleavage by HtrA2 of at least one of CREBLl, ATF6, and 
HNF-4a can be obtained by utilizing a known pharmaceutical screening system using the degradation 
by of at least one of CREBL 1 , ATF6, and HNF-4a by HtrA2 as an indicator. Since the inhibition of 
the cleavage by HtrA2 of at least one of CREBLl, ATF6, and HNF-4a results in the inhibition of the 
degradation of these proteins, it is believed that a compound that inhibits the cleavage of these proteins 
can inhibits the degradation of these proteins. Therefore, a compound that inhibits the degradation by 
HtrA2 of at least one of CREBLl, ATF6, and HNF^ can be also obtained by a method of 
identifying a compound that inhibits the cleavage by HtrA2 of at least one of CREBLl, ATF6, and 
HNF-4a. The compound that inhibits the cleavage and degradation by HtrA2 of at least one of 
CREBLl, ATF6, and HNF^ can be identified, fiir example, by selecting conditions that allow for the 
cleavage and degradation by HlrA2 of at least one of CREBLl, ATF6, and HNF-4a; contacting a 
compoimd to be tested hereinafter, referred to the test compound) with HtrA2 and/or at least one of 
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CREBLl, ATF6 and HNF-4a undei- the conditions selected; employing a system that uses a signal 
and/or a marker capable of detecting the cleavage and degradation of at least one of CREBLl, ATF6, 
and HNF-4a; and then detecting the presence, the absence or the change of the signal and/or the 
marker. The condition for alloAving the cleavage and degradation by HtrA2 at least one of CREBLl, 
ATF6, and HNF-4a may be a condition in vitro or in vivo. The method of identifying a compound can 
be carried out, for example, by using a cell in which HtrA2 is co-expiessed with at least one of 
CREBLl, ATF6, and HNF-4a. The co-expression in the cell can be accomplished by using an 
appropriate vector containing a polynucleotide encoding CREBLl, ATF6 or HNF-4a and an 
appropriate vector containing a polynucleotide encoding HtrA2, and traosfecting them into the cell by 
a convaitional technology of gene manipulation. The vector containing a polynucleotide encoding 
CREBLl, ATF6, HNF-4a or HtrA2 can be used solely or in combination thereof to transfect the cell. 
For example, the cell may be a eukaiyotic cell, preferably an animal cell, more preferably a cidtured 
animal cell line, fijither preferably a cultured mammal cell line. Contact of the test compound with 
HtrA2 and/or at least one of CREBLl, ATF6, and HNF-4a may be conducted prior to a cleavage 
reaction or degradation reaction of at least one of CREBLl , ATF6, and HNF-4<xr by HtrA2, or may be 
conducted by allowing the test compound to coexist in the cleavage reaction or degradation reaction. 
As used herein, the temi "signal" means chemicals that can be detected directiy based on its physical 
properties or chemical properties. The term 'taaiker" means chemicals that can not be detected itself 
by physical properties or chemical propertied, but can generate the aforementioned signal via a 
chemical reaction and can be detected indirectiy by using the physical properties or chemical properties 
of the generated signal as an indicator. As a signal and/or marker, the followings may be used: a 
reporter gene (such as chloramphenicol acetyl transferase gene), radioisotope, tag peptides (such as 
His-tag, Myc-tag, HA-tag, FLAG-tag or Xpress-tag), enzymes such as GST, biotin and fluorescent 
protein. The signal and/or marker are not limited to these chemicals, and any labeling chemicals 
generally used in a method of identifying compounds may be utilized. Methods for detecting these 
signals or maricers are known to those skilled in the art. As a convenient method, the cleavage and 
degradation of at least one of CREBLl, ATF6, and HNF-4a by HtrA2 can be detected by detemiining 
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• file presence, the absence and/or the change of the amount of these proteins or the amount of 
degradation products of these proteins. Determination of the amount of ttese proteins or the amount of 
degradation products of these proteins can be carried out using a known method for detecting a protein 
or pqjtide, such as, for exanqjle. Western blotting. 

[0061] A compound that inhibits the interaction of HtrA2 with at least one of CREBLl, ATF6, and 
HNF-4a can be obtained by aforementioned identification mefliod. 

[0062] HtrA2, CREBLl, and ATF6 are known proteins and disclosed in GaiBank with the 
accession numbers NM_013247, NM_00438, and NM_007348, respectively. Further, HNF-^a is also 
a known protein and disclosed in the Swiss-Prot database witii the accession number P41235 
(registered gene name is HNF4A). 

[0063] The amino add sequaice of HtrA2 used in the Examples is shown in SEQ ID NO: 4. The 
nucleotide sequence of HtrA2 DNA encoding the amino acid sequence set forth in SEQ ID NO: 4 is 
shown in SEQ ID NO: 3. The polypeptide shown by the amino acid sequence set forth in SEQ ID 
NO: 4 is a mature HtrA2. The mature HtrA2 denotes a mature protein that is generated fiom HtrA2 
precursor protein (SEQ ID NO: 2) by cleavage of its N-temiinal 133 amino acid residues and has a 
protease activity. Hereinafter, the HtrA2 with protease activity may be referred to as an active HtrA2. 
Further, a protein (SEQ ID NO: 8, which may be referred to as mature HtrA2 (AAVPS)) that lacks flie 
N-tenninal four amino add residues (AVPS) in the mature HtrA2, or a protein (SEQ ID NO: 10, in 
some cases referred to as mature HlrA2 (GVPS)) with the substitution of alanine among the N- 
terminal four amino acid residues of the mature HtrA2 with glycine may be used as active HtrA2. 
Such HtrA2 with an introduced mutation can be used as active HtrA2 since there is no change in the 
protease activity, hi the meantime, HtrA2 without protease activity may be in some cases referred to 
as inactive HtrA2. The inactive HtrAZ may be, for example, HtrA2 mutant without protease activity 
resulting fiom a mutation of the amino add residue that is present at the site necessary for protease 
activity of HtrA2 in the amino add sequence of HtrA2. The site necessary for protease activity of 
HtrA2 has a protease activity domain, more preferably the 174'^ serine residue of mature HtrA2 (SEQ 
ID NO: 4) (vsiiich is corresponding to the 306* residue of the precursor protein (SEQ ID NO: 2)). 
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More specifically, the inactive HtrA2 may be, for example, HtrA2 mutant (SEQ ID NO: 6, vAdch may 
be referred to as mature HlrA2 (S306A)) with a substitution of the 174* serine residue of mature 
HtrA2 (which is corresponding to the 306* residue of the precursor protein (SEQ ID NO: 2)) with 
alanine. Further, a protein (SEQ ID NO: 12, in some cases refened to as mature HtrA2 (S306A, 
AAVPS)) that lacks the N-temiinal foxjr amino acid residues (AVPS) in the mature HtrA2 (S306AX or 
a protein (SEQ ID NO: 14, in some cases referred to as mature HtrA2 (S306A, GVPS)) with the 
substitution of alanine among the N-terminal amino four amino acid residues of the mature HtrA2 with 
glycine may be used as inactive HtrA2. 

[0064] The amino acid sequence of CREBLl used in the Examples is shown in SEQ ID NO: 16. 
Furthermore, the nucleotide sequence of CREBLl DNA encoding the amino add sequence set forth in 
SEQ ID NO: 16 is shown in SEQ ID NO: 15. It was found that the nucleotide sequence set forth in 
SEQ ID NO: 1 5 had a difference in one nucleotide compared with the known nucleotide sequence of 
CREBLl with accession number NM_00438 (see Example 2). 

[0065] The amino acid sequence of ATF6 used in the Examples is shown in SEQ ID NO: 18. In 
addition, the nucleotide sequence of ATF6 DNA encoding the amino acid sequence set forth in SEQ 
ID NO: ISisshowninSEQIDNO: 17. It was found that the nucleotide sequence set forth in SEQ ED 
NO: 1 7 had a difference in fifteen nucleotides compared with the known nucleotide sequence of ATF6 
with accession number NM_007348 (see Example 2). 

[0066] The amino acid sequence of HNF-4a used in the Examples is shown in SEQ ID NO: 35. 
Further, the nucleotide sequence of HNF-4a DNA encoding the amino acid sequence set forth in SEQ 
ID NO: 35 is shown in SEQ ID NO: 34. The amino acid sequence set forth in SEQ ID NO: 35 was 
identical with the known amino acid sequence of HNF-4a with accession number P41235 (registered 
gene name is HNF4A) of Swiss-Prot database (see Example 6). 

[0067] In the present invention, HtrA2, CREBLl , ATF6 and HNF-4a, as well as each gene that 
encodes each of these proteins, are not limited to proteins or genes that are shown by the above- 
exemplified amino acid sequences or the above-exemplified nucleotide sequences, and include 
generaUy reported HtrA2, CREBLl, ATF6 and HNF-4a. 
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[0068] HtrA2, CREBLl , 'ATF6 and HNF-4a used in the present invention can be those prepared 
fix)m cells in which these are e?q)iessed by the technology of gene manipulation, or fixDm any biological 
samples, or can be the products of cell-free synthesis systems or the chemical synthesis products. 
These can be subsequently further purified for use. Further, cells in which one or more of HtrA2, 
CREBLl , ATF6 and HNF-4a are e^qrcssed by the technology of gene manipulation can be used. 
Moreover, HtrA2, CREBLl, ATF6 and HNF-4a can be labeled by ligating a different type of protein 
or polypeptide thereto at the N-terminus or the C-temiinus, directly or indirectly via a linker peptide 
and the like, by means of, for example, the technology of gene manipulation, as long as it has no 
influence upon the interaction of HtrA2 with CREBLl , ATF6 or HNF^ and upon the function of 
these proteins, such as protease activity of HtrA2, and a feature of CREBLl, ATF6 and HNF-4a as an 
enzyme substrate. As a different type of protein or polypeptide, P-galactosidase, an immunoglobulin 
Fc fragment (such as IgG), and a tag peptide (such as His-tag, Myc-tag, HA-tag, FT AG-tag, or Xpress- 
tag) may be used. 

[0069] A polynucleotide encoding HtrA2, CREBL 1 , ATF6 or HNF^ can be pi^ared from a 
human cDNA library by the technology of gene rnanipulatiorL A vector containing the polynucleotide 
that encodes HtrA2, CREBLl , ATF6 or HNF-4a can be obtained by introducing the polynucleotide 
using the technology of gene manipulation into a suitable expression vector, such as a vector derived 
from a bacterial plasmid. 

[0070] A test compound may be, for example, a compound derived from a chemical library or 
natural products, as well as a compound obtained by dmg design based on the primary structure or 
tertiaiy stmcture of HtrA2, CREBLl, ATF6 or HNF^. Alternatively, a compound obtained by dmg 
design based on the structure of a polypeptide that comprises an amino acid sequence of an interaction 
site with HtrA2 or of a cleavage site by HtrA2 in the amino acid sequence of at least one selected from 
the group consisting of CREBLl , ATF6 and PiNF-4a is also suitable as a test compound. 
[0071] The method of identifying a compound according to the present invention can be specifically 
carried out by adding a test compound to the in vitro protease assay (Examples 2 and 6) using, for 
example, HtrA2 and at least one of CREBLl, ATF6, and HNF-4a. Mature HtrA2 of an active type 
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can be prepared &om E-coli transfefcted with an appropriate vector containing a mature HtrA2 DNA 
obtained fix>m Ihe human kidney cDNA library by the technology of gene manipulation. CREBLl 
can be prepared fix)m a cultured animal ceU line (for example, HEK293T ceU) ttansfected with an 
appropriate vector containing CREBLl DNA obtained fiom the human brain cDNA libraiy by the 
technology of gene manipulation. ATF6 can be prepared from an animal cell (for example, HEK293T 
cell) transfected with an appropriate vector containing ATF6 DNA obtained fiom the human 
mammaiy gland cDNA Uhraiy by the tedmology of gene manipulation. HNF-4a can be prepared 
fixjm a cultured animal cell line (for example, HEK293T cell) ttansfected with an appropriate vector 
containing HNF-4a DNA obtained fiom the human brain polyA'llNA by the technology of gene 
manipulation. CREBLl, ATO, HNF-4a, and HtrA2 are contained in the soluble fractions of lysates 
of the cells in which these proteins are respectively ejqjressed. CREBLl, ATF6, and HNF^ are 
preferably expressed as a protein Ugated with a tag peptide at the N-femiinal or C-temiinal, and are 
fevorably purified for use by means of immuno-precipitation using an antibody against the tag peptide. 
For example, these proteins are subjected to immuno-precipitation using an antibody against llie tag 
peptide, and then captured on a resin (such as protein G sepharose) for use. The in vitro protease assay 
can be carried out by adding mature HtrA2 to CREBLl, ATF6 or HNF-4a c^tured on a resin, 
reacting them each other at 37°C overnight, and detecting these proteins by west^ blotting. With 
regard to ATF6, the protease assay may be perfonned with 4 hours reaction, amce ATF6 is d^raded 
by mature HtrA2 in the reaction at 37°C for 4 hours. Detection by westem blotting can be perfomied 
using an antibody against a tag peptide Ugated to CREBLl, ATF6 or HNF-4a. Since CREBLl, ATF6 
or HNF-4a is degraded by HtrA2, the amount of these proteins detected by westem blotting is reduced 
or disappeared compared with a case without adding HtrA2. In the case that the reduction or 
disappearance of the amount of CREBLl , ATF6 or HNF^ is inhibited by adding a compound to the 
reaction of mature HtrA2 with CREBLl, ATF6 or HNF-4a in comparison with a case without adding 
a con^und, it can be judged that the test compound inhibits the degradation by HtrA2 of CREBLl, 
ATF6 or HNF-4a. The test compound may be previously contacted with CREBLl , ATF6 or HNF-4a, 
or mature HtrA2, and then the reaction of the mature HtrA2 with CREBLl, ATF6 or HNF-4a may be 
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conducted. 

[0072] Further, the mefliod of identifying a compound according to the present invention can be 
specifically carried out by adding a test compound to the intracellular protease assay (Examples 3 and 
7) using, for example, sudi a cell in wiiich at least one of CREBLl, ATF6, and HNF-4a are co- 
ejqjressed with HtrA2. Co-ejqjiession of at least one of CREBLl , ATF6 and HNF-4a, with HtrA2 can 
be performed by transfecting a cultured animal cell line (for example, HEK293T cell) with an 
appropriate vector containing each of CREBLl DNA, ATF6 DNA and HNF-4a DNA prepared as 
mentioned above and an appropriate vector containing HtrA2 DNA by the technology of gene 
manipulation. CREBLl, ATF6 and HNF-4a are preferably expressed as the proteins having tag 
peptides ligated to the N-terminal or C-temdnal of these proteins, in orxler to detect the proteins easily. 
Active HtrA2 is used for HtrA2. The active HtrA2 suitably used are mature HtrA2, preferably mature 
HtrA2 (AAVPS) that lacks N-terminal four amino acid residues (AVPS) of mature HtrA2, or mature 
HtrA2 (GVPS) that has a substitution of alanine among the N-temiinal four amino add residues with 
glycine. It has been reported that N-tenninal four amino acid residues (AVPS) of mature HtrA2, 
vsiiich is a binding motif to L^s (Inhibitor of ^ptosis proteins) femily protein acting for inhibiting 
cell death, bind to lAPs to inhibit their action, thereby to accelerate caspase dependant cell death. 
Since this action may be likely to give an influence upon the protease assay in a cell, it is preferable to 
use mature type HrtA2 (AAVPS) or mature HtrA2 (GVPS) which does not bind to JAPs. The 
intracellular protease assay can be performed by culturing a cell in wiiich at least one of CREBLl, 
ATF6, and HNF-4a are co-expressed with HtrA2 at 37°C for 48 hours, together with a test compound, 
and then lysing the ceU to detect CREBLl , ATF6 or HNF^ containing in the ceU lysate by western 
blotting. Detection by western blotting can be carried out using an antibody against the tag peptide 
Ugated to CREBLl, ATF6, or HNF-4a. Since CREBLl, ATF6 or HNF-4a is degraded by HtrA2, the 
amount of these proteins detected by western blotting is reduced or dis^peaied compared with a case 
without adding HtrA2. In the case that the reduction or disappearance of the amount of CREBLl, 
ATF6 or HNF-4a is inhibited by adding a compound in comparison with a case without adding a 
compound, it can be judged that the test compoimd inhibits the degradation by HtrA2 of CREBLl, 
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ATF6orHNF^. 

[0073] The method of identtfyiag a compound according to the present invention is not limited to 
the specific examples such as the aforementioned in vitro protease assay or the intracellular protease 
assay. An identification method well known for a pharmaceutical screening may be used. 
[0074] A compound obtained by the mefliod of identifying a compound acconJing to the present 
invention can be utilized as an agent for inhibiting the degradation by HtrA2 of at least one of 
CREBLl , ATF6, and HNF-4a. The compound can be selected in consideration of a balance between 
the biological usefidness and toxicity to prepare a pharmaceutical composition. In preparation of the 
pharmaceutical composition, the compound may be used alone or in combination. 
[0075] The compound that inhibits the degradation by HtrA2 of at least one of CREBLl , ATF6, and 
HNF-4a can be used as an active ingredient for an agent for preventing and/or treating diabetes. In 
other words, an agent for preventive and/or treating diabetes can be prepared using one or more 
compounds that inhibit the degradation by HtrA2 of at least one of CREBLl, ATF6, and HNF-4a. 
Such compounds can be obtained by the aforementioned method of identifying a compound. It is 
believed that a con:qx)und that inhibits the degradation by HtrA2 of CREBLl and/or ATF6 can inhibit 
cell death (for example, pancreatic P cell deafli) due to excessive endoplasmic reticulum stress, and 
thereby to exert effects for the prevention and/or treatment of diabetes. Further, it is believed that a 
compound that inhibits the degradation by HtrA2 of HNF-4a can normali2e the glucose metabolism, 
and thereby to exert effects for the prevention and/or treatment of diabetes (for example, type 2 
diabetes). Thus, it is believed that a compound that inhibits the degradation by HtrA2 of CREBLl 
and/or ATF6 and a compound that inhibits the degradation by HtrA2 of HNF-4a act in preventing 
and/or treating diabetes through their respective different mechanisms. Therefore, an agent for 
preventing and/or treating diabetes, which contains a compound that inhibits the degradation by HtrA2 
of CREBLl and/or ATF6 in combination with a compound that inhibits the degradation by HtrA2 of 
HNF-4a, is more preferable, since it acts in preventing and/or treating diabetes through both of 
respective different mechanisms, and thereby provides a higher eflScacy compared with an agent for 
preventing and/or treating diabetes which contains either of these compoimds. 
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[0076] The method for preventing and/or treating diabetes according to the present invention can be 
carried out by inhibiting Ihe degradation byHtrA2of at least one of CREBLl , ATF6, and HNF-4a. It 
is believed that to inhibit the degradation by HtrA2 of CREBLl and/or ATF6 enables to inhibit cell 
death (for example, pancreatic p cell death) due to excessive endoplasmic reticulum stress, thereby to 
exert effects in preventing and/or treating diabetes. Further, it is believed that to inhibit the degradation 
by HtrA2 of HNF^ enables to normalize the glucose metabolism, thereby to exert effects in 
preventing and/or treating diabetes (for example, type 2 diabetes). It is believed that inhibition of the 
degradation by HtrA2 of CREBLl and/or ATF6 and inhibition of the degradation by HtrA2 of HNF- 
4a act in preventing and/or treating diabetes through their respective different mechanisms. Therefore, 
a method for preventing and/or treating diabetes, which comprises inhibiting the degradation by HtrA2 
of CREBLl and/or ATF6 as wqH as inhibitiDtig the degradation by HtrA2 of HNF-4a, is more 
preferable, since it acts in preventing and/or treating diabetes through both of respective different 
mechanisms, and thereby provides a higher eflScacy compared with a method for preventing and/or 
treating diabetes comprising inhibiting either of the degradation of these proteins. 
[0077] The method for preventing and/or treating diabetes accorxling to the present invention can be 
carried out using the aforementioned compovind that inhibits the degradation by HtrA2 of at least one 
of CREBLl, ATF6, and HNF-4a. Further, the method for preventing and/or treating diabetes 
according to the present invention can be carried out using the aforementioned method for inhibiting 
the degradation of at least one of CREBLl , ATF6, and HNF-4a. 

[0078] Since it is considered that both CREBLl and ATF6 are involved in the recovery from the 
endoplasmic reticulum stress and survival of a cell (Non-Patent References 8 and 9), a method for 
inhibiting cell death can be carried out by inhibiting the degradation by HtrA2 of CREBLl and/or 
ATF6. Further, the compound that inhibits the degradation by HtrA2 of CREBLl and/or ATF6 can be 
used as an inhibitor of cell death. Namely, the inhibitor of cell death can be prepared using one or 
more compounds that inhibit the degradatiion by HtrA2 of CREBLl and/or ATF6, Further, since it is 
reported that pancreatic p cell death is caused by the endoplasmic reticulum stress (Non-Patent 
Reference 7), the method and the agent for inhibiting cell death according to the present invention can 
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be preferably vised for a method and' an agent for inhibiting pancreatic p cell death. More preferably, 
these can be used for a method and an agent for inhibiting t pancreatic p cell death due to endoplasmic 
reticulum stress. 

[0079] The method for inhibiting cell death according to the present invmtion can be carried out 
using a method for inhibiting the degradation by HtrA2 of CREBLl and/or ATF6. The compound 
that inhibits the degradation by HtrA2 of CREBLl and/or ATF6 can be obtained by the 
aforementioned method of identifying a compound Moreover, the method for preventing and/or 
treating diabetes can be carried out using tiie metiiod and tiie agent for inhibiting cell death. The 
method for inhibiting cell death can be preferably carried out in an in vitro sample containing at least 
CREBLl and/or ATF6 together with HtrA2, by inhibiting the degradation by HtrA2 of CREBLl 
and/or ATF6. 

[0080] Since it has been clarified that loss of HNF-4a function causes disordered glucose 
metabolism and that HNF-4a gene is a causative gene for genetic type 2 diabetes MODYl (Non-^ 
Patent References 10 and 1 1), a method for preventing and/or treating type 2 diabetes can carried out 
by inhibiting the degradation by HtrA2 of HNF-4a. Besides, a compound that inhibits the degradation 
by HtrA2 of HNF-4a can be used as an active ingredient in an agent for preventing and/or treating type 
2 diabetes. In other words, an agent for preventing and/or treating type 2 diabetes can be prepared 
using one or more compounds that inhibit the degradation by HtrA2 of HNF-4a. 
[0081] The method for preventing and/or treating type 2 diabetes according to the present invention 
can be carried out using a method for inhibiting the degradation by HtrA2 of HNF-4a. The compound 
that inhibits the degradation by HtrA2 of HNF-4a can be obtained by the aforementioned method of 
identifying a compound. 

[0082] The agent for preventing and/or treating diabetes mellitus according to the present invention 
can be a phamiaceutical agent prepared by using one or more of the aforementioned compounds so as 
to contain the effective amount thereof Generally, the pharmaceutical agent is preferably prepared as a 
pharmaceutical composition that includes one or more kinds of a pharmaceutical carrier. 
[0083] An amount of the effective ingredient containing in the pharmaceutical pr^aration can be 
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suitably selected fix)m wide i&nge. In general, a suitable amount may fall within a range of 
approximately 0.00001 to 70 wt%, preferably approximately 0.0001 to 5 wt%. 
[0084] A pharmaceutical carrier may be a filler, extender, binder, wetting agent, disintegrator, 
lubricant, diluent and excipient that are generally used in accordance with the form of use of the 
fonnulatioa These can be suitably selected and used in accordance with the administration form of the 
preparation to be obtained. 

[008^ More conoetely, the pharmaceutical carrier m^ be, for example, water, a pharmaceutically 
acceptable organic solvait, collagen, polyvinyl alcohol, polyvinylpyrrolidone, caiboxyvinyl polymer, 
sodium alginate, soluble dextran, sodium carboxymelhyl starch, pectin, xanthan gum, acacia gum, 
casein, gelatin, agar, glycerin, propylene glycol, polyethylene glycol, vaseline, parafSn, steaiyl alcohol, 
stearic acid, human semm albumin, mannitol, sorbitol and lactose. One or a combination of two or 
more kinds of these may be suitably selected and used in accordance witih the ctosage form of the 
pharmaceutical composition. 

[0086] As desired, various components that may be used in conventional protein preparation, such 
as a stabilizer, bacteriodde, buffer agent, isotonizing agent, chelating agent, surfectant, or pH adjuster, 
may be suitably contained in the pharmaceutical composition. 

[0087] As a stabilizer, the followings may be used: human serum albumin, common L-amino adds, 
sugars and cellulose derivatives. These can be used independently or in combination with a surfactant 
and the like. Especially, use of these in such a combination may give increased stability of an effective 
ingredient An L-amino acid is not particularly limited, and may be any one of glycine, cysteine, 
glutamic add and the like. A sugar is not particulariy limited, and may be any one of monosaccharides 
(such as glucose, mannose, galactose and fiuctose), sugar alcohols (such as mannitol, inositol and 
xylitol), disaccharides (such as sucrose, maltose and lactose), polysaccharides (dextran, 
hydroxypropylstarch, chondroitin sulfete and hyaluronic acid), derivatives thereof aiKi so on. A 
ceUulose derivative is not particularly limited, and may be any one of methylceUulose, ethylcellulose, 
hydroxyethylceUulose, hydroxypropylcellulose, hydioJOT»ropy]methlcellulose, sodium 
carboxymelhylcellulose and the like. 
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[0088] A surfectant is not particularly limited, and can be both an ionic surfectant and a non-ionic 
surfectant As a surfactant, the followings may be used: polyoxyethyleneglycol soibitan alkyl ester 
system, polyoxyethylene alkyl ether system^ sorbitan monoacyl ester system, and atty acid glyceride 
system. 

[0089] As a buffer agent, Ihe followings may be used: boric acid, phosphoric acid, acetic acid citric 
acid, £-aminocaproic acid, glutamic acid and/or a salt thereof (for example, an alkaline metal salt and 
an alkali earth metal salt, such as sodium sah, kalium salt, calcium salt and magnesium salt) . 
[0090] As an isotonizing agent, the followings may be used: sodium chloride, kalium chloride, 
sugars and glycerin. 

[0091] As a chelating agent, sodium edentate and citric acid may be used. 
[0092] The pharmaceutical agent and pharmaceutical composition according to the present 
invention can be used as a solution preparation. Alternatively, they can be fieeze-dried so as to be in 
good state in preservation and can be used by dissolving tiiem in water, a buffered solution containing 
saline and the like, and so on and then adjusting to suitable concentration at the time of using. 
[0093] Suitable dosage ranges of the pharmaceutical conqxjsition are not particularly limited, and 
can be detennined acconJing to the following: effectiveness of the ingredients contained therein; the 
administration form; the route of administration; the type of disease; the characteristics of the subject 
(e.g., body weight, age, symptomatic conditions and whether being taking other pharmaceutical agent) 
and the judgmait of the pltysician in charge, hi general, a suitable dosage may fall, for example, within 
a range of about 0.01 ^gto 100 mg per 1 kgoflhebody weight ofthe subject, and preferably within a 
range of about 0. 1 Mg to 1 mg per 1 kg. However, a dosage may be altered using conventional 
©cperiments for optimization of a dosage that are well known in the art. The aforementioned dosage 
can be divided for administration once to several times a day. Alternatively, periodic administration 
once every few days or few weeks can be employed. 

[0094] When administering the pharmaceutical composition of the present invention, the 
phamiaceutical composition may be used alone or may be used together with other compounds or 
pharmaceutical agents necessary for the treatment 
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[0095] In terms of a route of administration, it may be either systemic administration or local 
administration. The route of administration that is appropriate for a particular disease, symptomatic 
conditions, or other factors shoxald be selected. For example, parenteral administration including 
normal intravenous injection, intraarterial administration, subcutaneous administration, intracutaneous 
administration and intramuscular administration can be employed. Oral administration can be also 
employed. Further, transmucosal administration or dermal administration can be employed. 
[0096] In terms of an administration form, various fonns can be selected in accordance with a 
treatment puipose. Typically, for example, an administration form of solid formulation may be used, 
such as a tablet, apill, powder, powdered dmg, fine granule, granule or a c^sule, as well as an 
administration form of liquid formulation such as an aqueous fonnulation, ethanol foimulation, 
suspension, fat emulsion, liposome formulation, clathrate such as cyclodextrin, syrup and an elixir. 
These can be further classified according to the administration route into oral formulation, parenteral 
fonnulation (drip injection fonnulation or injection formulation), nasal formulation, inhalant 
formulation, transvaginal formulation, suppositorial formulation, sublingual agents, eye drop 
formulation, ear drop formulation, ointment formulation, cream formulation, transdermal absorption 
formulation, transmucosal absorption formulation and the like, which can be respectively blended, 
formed and prepared according to conventional methods. 

[0097] The present invention fiirfher provides a reagent kit including at least one member selected 
fiiom the group consisting of HtrA2, a polynucleotide encoding HtrA2, and a vector containing a 
polynucleotide encoding HtrA2; and at least one member selected fiom the grx)up consisting of 
CREBLl, ATF6 and HNF-4a, a polynucleotide encoding CREBLl, ATF6, or HNF-4a, and a vector 
containing the polynucleotide encoding CREBLl , ATF6, or HNF-4a. The r^ent kit can be used, for 
example, in the identification method for the present invention. 

[0098] The aforementioned reagent kit may include chemicals that are necessary for carrying out a 
determination, such as a signal and/or a marker for detecting the degradation of at least one member 
selected &om a group consisting of CREBLl, ATF6 and HNF-4a by HtrA2, buffer solutions and salts. 
The reagent kit may also include chemicals such as stabilizers and/or antiseptic agents. At the time of 
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preparation, methods for preparation may be introduced in accordance with the respective chemicals to 
be used. 

[0099] Hereinafter, the present invention may be explained more particvilarly with examples; 
however, tiie present invention is not limited to the following examples. 

Example 1 

[0100] (Insilico search for proteins having a function to interact with HtrA2) 

The prediction of proteins that have a function to interact with HtrA2 was conducted 
according to the method described in the pamphlet of Intemational Publication No, WO 01/67299. 
Concaietely, the amino acid sequence of HtrA2 was decomposed into oligopeptides having a pre- 
determined length in order to search in a database for proteins having the amino acid sequence of each 
of the oligopeptides, or having homologous amino acid sequences to these amino acid sequences. 
Then, local alignment was conducted between the proteins obtained and HtrA2 to identify proteins 
having a high local alignment score that might be capable of interacting with HtrA2. 
[0101] As a result of analysis, CREBL 1 was identified as a protein being predicted to have a 
function to interact with HtrA2. 

Example 2 

[0102] Qn vitro protease assay) 

In order to demonstrate experimentally the interaction of CREBLl or ATF6 that is a fandly 
thereof with HtrA2, in vitro protease assay was performed. 
[0103] <Materials and their preparation> 

In this Example, mature HtrA2 (SEQ ID NO: 4) and mature HtrA2 (S306A) (SEQ ID NO: 
6) to each of which histidine (His>tag was ligated at tiie C-terminal were used as active HtrA2 and 
inactive HtrA2, respectively. Further, CREBLl (SEQ ID NO: 16)and ATF6 (SEQ EDNO: 18) to 
each of which c-Myc-tag was ligated at the N-terminal were used as a protein that was predicted to 
interact with HtrA2. 
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[0104] 1 . Cloning of matuite HlrA2 and mature HlrA2 (S306A), and preparation of expression 
plasmid 

In order to obtain a gene encoding mature HtrA2 (a portion of precursor HtrA2 (DNA 
nucleotide sequence thereof and amino acid sequence encoded by the DNA are shown in SEQ ID NO: 
1 and SEQ ID NO: 2) fix>m 134^ to 458* amino acid residues), mature HtrA2 gene was amplified by 
polymerase chain reaction (PGR) and cloned into pCR-Bluntll-TOPO vector (Tnvitrogen). The PGR 
was carried out by using Human Kidney QUIGK-Glone cDNA (Glontech) as a template , HtrA2-Fl 
primer (with Ndel site and ATG at the 5' side, SEQ ID NO: 1 9), HtrA2-RS primer (with Xhol site 
instead of temunation codon, SEQ ID NO: 20), and KOD-plus (Toyobo) as DNA polymerase. The 
nucleotide sequence was determined by sequencer (Applied Biosystems /Hitachi: ABB 100). The 
nucleotide sequence of mature HtrA2 DNA obtained in this example, and amino acid sequence 
encoded by the DNA are shown in SEQ ID NO: 3 and SEQ ID NO: 4, respectively. E-coU expression 
plasmid for mature HtrA2 was obtained by digesting the cloned mature HtrA2 gene with Ndel and 
Xhol, and then integrating it into pET24b vector (Novagen. 

[0 1 05] It has been reported tiiat a mutant (mature HtrA2 (S3 06 A)) with a substitution of 1 74* serine 
of mature HtrA2 (which is corresponding to 306* in precursor protein (SEQ ID NO: 2)) with alanine 
does not exhibit protease activity. Then, E-coli expression plasmid for mature HtrA2 (S306A) that is 
of inactive type was prepared using mature HtrA2 e>qpression plasmid as a template, with 
QuickGhange XL Site-Directed Mutagenesis kit (Stratagene) using HtrA2-MF primer (SEQ ID NO: 
21) and HtrA2-MR primer (SEQ ID NO: 22). The nucleotide sequence was determined by sequencer. 
The nucleotide sequence of mature HtrA2 (S306A) DNA obtained in this example and amino acid 
sequence encoded by the DNA are shown in SEQ ID NO: 5 and SEQ ID NO: 6, respectively. 
[0106] 2. Expression and purification of mature HtrA2 and mature HtrA2 (S306A) 

E-coU expression plasmid for HtrA2 was transfected into E-coli BL21 Star (DE3) competent 
cell (Invitrogen) to obtain a transformant The transfonnant was incubated in LB culture medium (1 00 
ml) at 26^G, and expression induction of mature HtrA2 protein was carried out by adding isopropyl- 1 - 
thio-P-D-galactopyranoside (IPTG) to the final concentration of 0. 1 mM vv4ien absorbance (OD) 
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reached in a range of 0.68 to 0.8 1 . After further incubation for overnight, E-coli tiiat expressed mature 
HrtA2 was separated by centrifugation and collected. E-coli thvis obtained was suspended in lysis 
bufifer A (Lysis buflfer: phosphate buffered saline (PBS)/1% TritonX-100, l^ig/ml pepstatin, 5|liM E64) 
followed by treatment with sonicator (1 5 sec x 1 0 times) under ice-cooling to disnqjt the fungus body. 
The disn:5>ted fungus body solution was subjected to centrifiigation (1 5,000 ipm, 30 min, 4°C) to 
separate into a soluble fraction (supernatant) and an insoluble fraction. Soluble fiaction containing 
mature HtrA2 was added to ProBondresin (Invitrogen: 1 ml prepacked) tiiat had been pre-equilibraled 
with 1% Triton X-100 in phosphate buflFered saline (PBS), and mixed at 4°C for 30 min, and then 
washed three times with washing buffer (20 mM sodium phosphate (pH 6.0), 500 mM NaCl). Mature 
HtrA2 adsorbed by the resin was eluted in stepwise by elution buffer (20 mM, sodium phosphate (pH 
6.0) 500 mMNaCl) each containing 50, 100, 200, 350, 500 mM imidazole. Each eluate was subjected 
to SDS-PASGE to identify the fraction containing mature HtrA2. As a result, mature HtrA2 was 
eluted by 350 - 500 mM imidazole. The fraction containing mature HtrA2 was dialyzed against 1 50 
mM NaCl, 50 mM Tris-HCl (pH 7.5), followed by centrifugation to remove impurities. The resultant 
supematant was concentrated foUowed by subjecting to the quantitative measurement of protein by 
Coomassie Plus Protein Assay (Pierce) v^e bovine serum albumin (BSA) was used as the standard 
protein. Similarly, expression and purification of mature HtrA2 (S306A) were performed. 
[0107] 3. Cloning of CREBLl and ATF6, and preparation of expression plasmid 

CREBLl gene was amplified by PCR and cloned into pCMV-Tag 5. The PCR was carried 
out using Human Brain cDNA as a template, 83-F primer (with EcoRI site and GCC immediately 
before ATG, SEQ ID NO: 23), 83-R primer (with Xhol site instead of the termination codon, SEQ ID 
NO: 24), and KOD-plus as DNA polymerase. 

[0108] Then, CREBLl gene was ampUfied by PCR and cloned into pCR-Bluntll-TOPO vector. 
The PCR was carried out using tiie CREBLl gene cloned into pCMV-Tag 5 as a template, ATF6-NF1 
primer (with BamHI site instead of ATG, SEQ ID NO: 25), ATF6-NR1 primer (with Xhol site 
following to termination codon, SEQ ID NO: 26), and KOD-plus as DNA polymerase. The nucleotide 
sequence was detemiined by the sequencer. It was found that the nucleotide sequence obtained in this 

31 



example had a diflFerence in one nucleotide (T450C) compared wilh the nucleotide sequence of 
CREBLl that had already been registered in GenBank with accession number NM_00438. There is 
no change in the amino acid resulting from this diflference. In the meantime, the tennination codon 
was changed from TGA to TAA. It was confinned that these differences were not due to PGR errois. 
The nucleotide sequence of CREBLl DNA obtained in this example and the amino acid sequence 
encoded by the DNA are shown in SEQ ID NO: 15 and SEQ ID NO: 16, respectively. Animal cell 
expression plasmid for CREBLl was prepared by digesting the cloned CREBLl gene with BamHI 
and Xhol, and then integrated it into pCMV-Tag 3. 

[0109] ATF6 gene was amplified by PGR using Mammary Gland QUICK-Clone cDNA (Clontech) 
asatemplate, ATF6Fnprimer(SEQIDNO: 27), ATF6Rnprimer(SEQIDNO: 28), and KOD-plus 
as DNA polymerase. Then, ATF6 gene was fiirther amplified by PGR using the ATF6 gene thus 
amplified, as a template, using ATF6F1L primer (with EcoRV site immediately before ATG, SEQ ID 
NO: 29), ATF6R1L primer (with Xhol site immediately after the termination codon, SEQ ID NO: 30), 
and KOD-plus as DNA polymerase, and then cloned into pGR4Blunt-TOPO vector (hivitrogen). The 
nucleotide sequence was detemiined by the sequencer (SEQ ID NO: 1 7). It was found that the 
nucleotide sequence of ATF6 DNA thus obtained in this example had a difference in fifteen 
nucleotides compared with the nucleotide sequence that had already been registered in G^JBank with 
accession number NM_007348. It was revealed that aU of the fifteen dijBferent nucleotides coincided 
with the genome sequence: T105C (without amino acid change); T199A (with amino acid change 
&om Leu to Met); A201G (witii amino acid change fiiom Leu to Met); C270T (without amino acid 
change); A309G (without amino acid change); C433G (with amino acid change fiom Pro to Ala); 
T469C (with amino acid change fiiom Ser to Pro); G1228A (with amino acid change from Gly to Ser); 
A1230C (with amino acid change from Gly to Ser); C1389T (without amino acid change); T1416C 
(without amino add change); T1491 A without amino acid change); T1538C (with amino acid change 
6om Val to Ala); G1540C (with amino acid diange fiom Val to Leu); and 1896A (without amino acid 
change). In the meantime, there is a description in SWISS-PROT about changes of aU these amino 
adds in lemis of conflict. The nucleotide sequence of ATF6 DNA obtained in this exan^le and the 
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amino acid sequence encoded by the^DNA are shown in SEQ ID NO: 17 and SEQ ID NO: 18, 
respectively. 

[01 10] In order to integrate ATF6 gene into animal cell ejq^ression vector, ATF6 gene was amplified 
by PGR using the afoiraientioned ATF6 gene having been cloned into pCR4Blunt-TOPO vector as a 
template, using ATF6F2L primer (with site immediately before ATG, SEQ ID NO: 31), 
ATF6R1L primer (SEQ ID NO: 30), and KOD-plus as DNA polymerase, and then cloned into 
pCR4Blunt-TOPO vector. The nucleotide sequence was determined by sequencer (SEQ ID NO: 19). 
ATF6 gene thus cloned was digested by BgUI and Xhol to integrate into animal cell ejqjression vector, 
pCMV-Tag3, digested with BamHI and Xhol. 
[0111] 4. Expression of CREBLl and ATF6 

HEK293T cells were cultured to 1 .5 x 10^ cells /lO cm Dish. Next day, the expression 
plasmid of CREBLl or ATF6 (10 ^igDish) was transfected into HEK293T cells using FuGene 6 
(Roche). Forty eight hours later, cells were washed with PBS, followed by adding 1 ml of lysis buffer 
B(50mMTris-HCl(pH7.6), ISOmMNaCl, 1% Triton X- 100, l%NonidetP^0(NP^0), Complete 
Mini-EDTA (ethylenediamine tetra-acetate) free), and left to stand on ice for 10 min. Then, cells were 
collected with a scr^jer, put into a 1 .5 ml tube, subjected to sonicadon under ice-cooling (1 5 sec x 6 
times), left to stand on ice for 20 min, siaspended by pipetting, followed by subjecting caitrifixgation 
(15,000 rpm, 30 min, 4^C) to separate into a soluble fraction and an insoluble fiaction. The soluble 
fiactions were used as a test sample. 

[0112] 5. Determination of the activity of mature HtrA2 and mature HtrA2 (S306A) 

Det^mination of the activity of mature HtrA2 and mature HtrA2 (S3 06A) was carried out 
with casein zymogR^shy and with a protease assay with casein sodixun. Casein zymography was 
carried out according to the protocol (Invitrogen). More cona-etely, mature HtrA2 and mature HtrA2 
(S306A) were mixed under non-reductive condition with equivalent volume of 2 x SDS sample buffer, 
left to stand at room temperature for 1 0 min, followed by separation wdth 4-1 6% zymogram (Blue 
casein) gel (Zymogram Gel, Invitrogen). After completion of electrophoresis, they were renatured 
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with 2.5% Triton X-100, and then subjected to a degradation reaction of casein in the developing 

buflfer at 3TC for overnight 

[0113] Meanwhile, a protease assay using casein sodium as an substrate was carried out in such that 
mature HtrA2 or mature HtrA2 (S306A) was mixed with casein sodium in a reaction buffer (150 mM 
NaCl, 50 mM Tris-HCl (pH 7.5)) so as to the concentration of the former might become 200 |ag/ml 
and the concentration of the latter might become 400 jig/ml, and incubated at 37^C for reactions. A 
portion of the reaction solution was sampled at three hours and ovemi^t after initiation of the reaction, 
mixed with equivalent volume of 2 x SDS sample buffer followed by boiling, and then subjected to 
SDS-PAGE. After that, the degradation of casein sodium was detected by Coomassie Brilliant Blue 
(CBB) staining. 

[0114] As a result of the aforementioned investigation, the degradation of casein by mature HtrA2 
was observed, but the degradation of casein was not observed with mature HtrA2 (S306A). From 
these findings, it has been corifirmed that mature HtrA2 is of active type having protease activity, but 
mature HtrA2 (S306A) is of inactive type not exhibiting protease activity. 
[0115] <Method> 

CREBLl and ATF6^^4uch were captured on the resin were xased in the experiments in orf 
to eliminate the influence of proteinaceous impurities contained in the soluble fitactions prepared fiiom 
the cells obtained by transfecting an expression plasmid of CREBLl or ATF6. Three hundreds pi of 
each soluble fi^action of CREBLl and ATF6 was dispensed to six tubes (Nos. 1 to 6), followed by 
adding 20 |il of protein G sepharose 4 FF (Amersham) of 50% slurry that had been subjected to 
blocking with BSA, to each of tubes, subjected to overtumed mixing at 4^C for 1 hour, and then 
subjected to centrifugation (1 0,000 rpm, 1 0 sec, 4''C) to collect the supernatant, and thus the pie- 
treatment (pre-clean) was performed. The resultant supernatant was mixed with 1 .7 pi (2 pg) of anti- 
Myc antibody (Invitrogen), subjected to overtumed mfadng at 4°C for 3 hours, followed by adding 20 
pi of protein G sepharose 4 FF that had been subjected to blocking with BSA, and then subjected to 
overtumed mixing at 4^C overnight. Thus, CREBLl and ATF6 were respectively captured on protein 
G sepharose 4 FF. 
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[0116] Subsequently, pro^ G sepharose 4 FF on v*ich CREBLl or ATF6 was captured was 
washed witii 500 nl of washing buffer (50 mM Tris-HCl (pH 7.5), 1 50 mM NaCl, 0.01 % Triton X- 
100) five times, and 100 ^lof50mM Tris-HCl (pH 7.5), 1 50 mM NaCl, 0.01% Triton X-1 00 was 
added to the tubes Nos. 1 and 2, 100 ^1 of mature HlrA2 solution (50 ng/ml) was added to the tubes 
Nos. 3 and 4, and 100 nl of mature HtrA2 (S306A) solution (50 ng/ml) was added to the tubes Nos. 5 
and 6, respectively. The tubes Nos. 1 , 3, and 5 were subjected to a reaction at 37°C for four hours, the 
tubes Nos. 2, 4, 6 were subjected to a reaction overnight After tiie reaction, the centrifugadon was 
carried out to remove the supernatant. The precipitate was subjected to washing/centrifiigation for three 
times with 500 ^1 of washing buffer, followed by adding 80 pi of 2 x SDS sample buffer (containing 
0. 1% P-mercqjtoethanol) and boiling. Ten (j1 of the sample thus obtained (80 |al) was subjected to 
SDS-PAGE and transfered onto PVDF membrane to detect CREBLl and ATF6 by western blotting. 
Anti-c-Myc antibody (9E10) (Santa Cruz) was used as a primary antibody for detection, and 
horseradish peroxidase (HRP) conjugated anti-mouse IgG antibody (Cell Signahng) was used as a 
secondary antibody. Detection was carried out using ECL Westem Blotting Detection System 
(Amersham). 
[0117] <Results> 

It was observed that both CREBLl and ATF6 were degraded by mature HtrA2 in vitro. As 
shown in Fig. 1-A, the band of CREBLl was reduced significantly after the reaction of active HtrA2 
with CREBLl for overnight (O/N). Further, as shown in Fig. 1-B, the band of ATF6 was reduced 
significantly after the reaction of active HtrA2 wdth ATF6 for four hours (4h) or ovemi^t (O/N). On 
the other hand, the degradation of CREBLl and ATF6 by inactive HtrA2 (mature HtrA2 (S306A)) 
was not observed (Fig. 1 -A and Fig. 1 -B). 

Examples 

[0118] <hitracellular protease assay> 

Interaction of CREBLl or ATF6 with HtrA2 was investigated by intraceUular protease assay. 
[0119] <Materials and their preparations?* 
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It has been reported that N-terminal four amino add residues (AVPS) of mature HtrA2, 
vviich is a binding motif to lAPs (Inhibitor of apoptosis proteins) family protein acting for inhibiting 
cell death, bind to lAPs to inhibit the action, thereby to accelerate caspase dq3endent cell death. Since 
this action may be likely to give an influence vpon the protease assay in a ceD. Therefore, in oider to 
inhibit the interaction of mature HtrA2 or mature HtrA2 (S306A) with lAPs, those (AAVPS) diat lack 
the N-terminal four amino acid residues (AVPS) and those (AVPS GVPS) with a substation of 
alanine among the four amino add residues with glycine were prqjared for each of mature HtrA2 and 
mature HtrA2 (S306A). Each of these various types of HtrA2 was prepared as C-termainal FLAG- 
tagged protein for use. 

[0120] 1. Preparation of various types of HtrA2 

In order to prepare mature HtrA2 mutants, each gene of mature HtrA2 (AAVPS) and mature 
HtrA2 (GVPS) was amplified by PGR and cloned into pCR-BluntH-TOPO vector. The PGR was 
canied out using mature HtrA2 as a template, F 1 and F2 primers (with Sad site immediately before 
ATG, SEQ ID NO: 32 and SEQ ID NO: 33, respectively) as the sense primer, HlrA2-RS primer (SEQ 
ID NO: 20) as tiie anti-sense primer, and Pfli turbo (Stratagene) as the DNA polymerase. The 
nucleotide sequence was detemiined by sequencer. Each of animal cell expression plasmids for 
mature HtrA2 (AAVPS) and mature HtrA2 (GVPS) was prepared by digesting each of tiie cloned 
mature HtrA2 (AAVPS) gene and tiie cloned mature HtiA2 (GVPS) gene by Sad and Xhol, and tiien 
int^rated it into pCMV-Tag4. The nucleotide sequaice of mature HtrA2 (AAVPS) DNA obtained in 
this example and the amino acid sequence encoded by tiie DNA are shown in SEQ ID NO: 7 and SEQ 
ID NO: 8, respectively. Besides, tiie nucleotide sequence of mature HtrA2 (GVPS) DNA and the 
amino acid sequence encoded by the DNA are shown in SEQ ID NO: 9 and SEQ ID NO: 10, 
respectively. 

[0121] In order to prepare mature HtrA2 (S306A) mutants, witii a same manner as mentioned above, 
each gene of mahjre HtrA2 (S306A, AAVPS) and matiire Hti-A2 (S306A, GVPS) was amplified by 
PGR using mature HtrA2 (S306A) as a template, and tiien cloned into pCR-Bluntil-TOPO vector. 
Each of animal cell expression plasmids of mature Hti:A2 (S306A, AAVPS) and mature HtrA2 
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(S306A, GVPS) was prepared by digesting each of the cloned mature HtrA2 (S306A, AAVPS) and 
the cloned mature HtrA2 (S306A, GVPS) by SacI and Xhol, and then integrated it into pCMV-Tag4. 
The nucleotide sequence of mature HtrA2 (S306A, AAVPS) DNA obtained in this example and ±e 
amino acid sequence aicoded by the DNA are shown in SEQ ID NO: 1 1 and SEQ DD NO: 12, 
respectively. Besides, the nucleotide sequence of mature HtrA2 (S306A, GVPS) DNA and the amino 
acid sequence encoded by the DNA are shown in SEQ ID NO: 13 and SEQ ID NO: 14, respectively. 
[0122] 2. Detemiiiiationofenzyme activity ofvarioiis types of HtrA2 

The enzyme activity of the various types of HtrA2 each of v,iiich was expressed in a cultured 
cell was detennined by the protease assay using casein sodium as a substrate (see Example 2). As a 
result, it has been revealed that both mature HtrA2 (AAVPS) and mature HtrA2 (GVPS) are of active 
type having protease activity and that both mature HtrA2 (S306A, AAVPS) and mature HtrA2 (S306A, 
GVPS) are of inactive type without exhibiting protease activity. 
[0123] 3. Preparation of animal cell e^qsression vectors for CREBLl and ATF6 

The vectors that were prepared by the same procedures used in Example 2 were used. 
[0124] <Method> 

HEK293T cells were cultured to 1.5 x 10^ cells /lO cm Dish. Next day, the expression 
plasmid of CREBLl or ATF6 was transfected into HEK293T cells together with the expression 
plasmid of various types of HlrA2 using FuGene 6 (Roche). Each of the expression plasmid of various 
HtrA2 at 1 pg/Dish was added in combination with CREBLl expression plasmid or ATF6 expression 
plasmid at 1 pg/Dish. Forty eight hours later, the cells in vAnch the various types of HtrA2 were co- 
expressed with CREBLl or ATF6 were added with 200 pi of lysis buffer B and an equivalent volume 
of 2 X SDS sample buflfer (containing 0.1% p-mercaptoethanol), and then subjected to sonication 
followed by boiling to use as a test sample. 

[0125] E>{J)ression of CREBLl and ATF6 and the degradation of these proteins were detected by 
western blotting using 1 0 pi of the test sample thus obtained. Anti-c-Myc (9E 1 0) antibody was used as 
a primary antibody for detection, and horseradish peroxidase (HRP) conjugated anti-mouse IgG 
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antibody (Cell Signaling) was used as'a secx)ndaiy antibody. Detection was carried out using ECL 
Western Blotting Detection System. 
[0126] <Results> 

In the analysis using cells in vMch the active mutant (mature HtrA2 (AAVPS) or mature 
HtrA2 (GVPS)) was co-expressed with CREBLl , the band of CREBLl was reduced significantly 
(iqjper panel of Fig 2-A). In the analysis using cells in which the active mutant was co-expressed with 
ATF6, the band of ATF6 was reduced significantly (upper panel of Fig 2-B). On the other hand, in the 
analysis using cells in which the inactive mutant (mature HtrA2 S306 (AAVPS) or mature HtrA2 S306 
(GVPS)) was co-expressed with CREBLl , the reduction of the band of CREBLl was not obsaved 
(iqjper panel of Fig. 2-A). Further, in the analysis using cells in w*ich flie inactive mutant was co- 
eqiressed with ATP6, the reduction of the band of ATF6 was not observed (upper panel of Fig. 2-B). 
The expression of each HtrA2 mutant in the cells was aknost same among the cells Gower panel of Fig. 
2-A and B). 

[0127] As mentioned above, it has been revealed that both CREBLl and ATF6 are degraded in the 
cells by active mature HtrA2 (AAVPS) or by active mature HtrA2 (GVPS). On the other hand, both 
CREBLl and ATF6 are not degraded by inactive mature HtrA2 (S306A, AAVPS) or by inactive 
mature HtrA2 (S306A, GVPS). 

Example 4 

[0128] (Investigation of degradation pattern by HtrA2) 

Degradation pattern of CREBLl by HtrA2 was investigated. The investigation was 
perfonned by in vitro protease assay with HtrA2 using biotinylated CREBLl . 
[0129] <Materials and their preparations> 

1 . Mature HtrA2 and mature HtrA2 (S306A) 

Mature HtrA2 and mature HtrA2 (S306A) were prepared by similar procedures as used in 
Example 2 for use. 

[0130] 2. animal cell expression plasmid for CREBLl 
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The animal cell exjJression plasmid for CREBLl was prepared by digesting CREBLl, which 
had been cloned into pCR-Bluntll-TOPO vector by similar procedures as used in Example 2, with 
BamHI and Xhol, and then integrating it into pcDNA3.1/His. 

[0131] 3. Preparation of Wotinylaled CREBLl using in vitro translation reaction system 

The preparation of biotinylated CREBLl was performed by in vitro translation reaction 
system (TnT® Transcription/Translation System; Promega) using rabbit reticulocyte lysate. 

More conaetely, first, 1 .5 nl of the animal cell expression plasmid for CREBLl (1 ^g/^d), 1 
Hl of 1 mM methionine, 1 id of biotinylated lysine tRNA (Promega), and 6.5 pi of nuclease fiee water 
were added to 40 jjJ of in vitro translation reaction solution (TnT^ Quick Master Mix) to obtain total 
volume of 50 jJ, and reacted for at 30°C for 1 .5 hours. Following this, 12.5 |j1 of 50 pi reaction 
soMon was sampled, foUowed by adding with 2 x SDS sample bufifer and boiling, to detect the 
expression of biotinylated CREBLl by westem blotting. The detection was carried out using 
streptavidin HRP (Promega) and Transcend™ Chemiluminescent substrate (Transcend™ Non- 
Radioactive Translation detection system; Promega). As a result, biotinylation of CREBLl was 
confirmed in san:q)le. 
[0132] <Melhods> 

The reaction solution was used as the sample for protease assay. 12.5 pi each of the reaction 
solution was dispensed to three tubes (Nos. 2 to 4). 25 pi of 50 mM Tris-HCl (pH 7.5), 150 mM NaCl, 
0.01% Triton X-1 00 was added as the control to tube No.2, 25 pi of 200 pg/ml mature HtrA2 solution 
was added to tube No.3, and 25 pi of 200M.g/ml mature HtrA2 (S306A) solution was added to tube 
No.4, respectively, and mixed. The solution in each tube (Nos. 2 to 4) was firrther divided into two 
tubes so as to the tubes include an equivalent volume of solution, w*dle one tube was subjected to 
reaction at 37°C for four hours and the other tube was subjected to reaction at 37°C overnight After the 
reaction, 2 x SDS sample buffer was added to each of tubes, and subsequently subjected to boiling, to 
detect the degradation pattern of biotinylated CREBLl by westem blotting. 
[0133] The detection of the degradation was carried out using streptavidin HRP and Transcend™ 
Chemiluminescent substrate v\*ile biotinylated lysine residue in CREBLl was used as the indet. 
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[0134] Furfhar, in order to Hetramihe the degradation site, the membrane used for western blotting 
was subjected to treatment for ranoving the streptavidin HRP, and then used for detecting the 
degradation pattem of biotinylated CREBLl using an antibody against the tag ligated to tiie N-tenninal 
of CREBLl . Anti-Xpress antibody (Invitrog«i) was used as a primary antibody, and HRP labeled 
anti-mouse IgG antibody (Cell Signaling) was used as a secondary antibody. The detection of 
degradation was carried out using ECL Western Blotting Detection Reagents (Amersham). 
[0135] <Results> 

Results of the study for the degradation pattem of CREBLl by mature HtrA2 using 
biotinylated lysine residue in CREBLl as an index are shown in Fig. 3. Similarly, results of the shidy 
for tiie degradation pattan of CREBLl using a tag lifted to tiie N-terminal of CREBLl as an index 
are shown in Fig. 4. 

[0136] In the study for the degradation pattem using biotinylated lysine residue as an index, 
remarkable reduction of the band of biotinylated CREBLl was observed, arid further, the band that 
was supposed to be a degradation product of CREBLl was detected around 50 kDa (Fig. 3). However, 
in the study for the degradation pattem using tiie anti-tag antibody, the band tiiat was supposed to be a 
degradation product of CREBLl vs*ich was detected around 50 kDa in Fig. 3 could not be detected. 
Moreover, any band indicating the degradation product of CREBLl witii different size was not 
detected (Fig. 4). From this findings, it is believed that CREBLl was degraded by being cleaved by 
HtrA2 at several sites. 

[0137] As described above, the degradation of CREBLl by HtrA2 was detected by detecting a 
labeled chemical that was used for labeling tiie inside of CREBLl . From tiiis finding, it has been 
revealed tiiat the degradation of CREBLl by Ht-A2 identified by detection of the tag ligated to the N- 
terminal of CREBLl (Examples 2 and 3) is not an apparrait degradation due to tiie cleavage of the tag, 
but is a degradation resulting 6om tiie cleavage of peptide bond of CREBLl caused by tiie effect of 
Hti-A2 on CREBLl. 

Example 5 
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[0138] (In-silico search for proteins having a function to interact with HtrA2) 

The prediction of proteins that have a function to interact vsdth HtrA2 was conducted 
according to the method described in the pamphlet of International Publication No. WO 01/67299. 
Concretely, the amino acid sequence of HtrA2 was decomposed into oUgopeptides having a pre- 
detennined length in order to search in a database for proteins having the amino acid sequence of each 
of tiie oligopeptides, or having homologous amino acid sequences to these amino acid sequences. 
Then, local alignment was conducted between the proteins obtained and HtrA2 to identify proteins 
having a high local alignment score that might be enable of interacting with HtrA2. 
[0139] As a result of analysis, HNF-4a was identified as a protein being predicted to have a fimction 
to interact with HtrA2. 



Example 6 

[0140] (In vitro assay) 

In order to demonstrate tiie interaction of HNF-4a with HtrA2, in vitro protease assay was 
performed. 

[0141] <Materials and their preparations> 

In tiiis Example, mature HtrA2 (SEQ ID NO: 4) and mature HtrA2 (S306A) (SEQ ID NO: 
6) to each of v^iiich histidine (His>tag was ligated at the C-temiinal were used as active HtEA2 and 
inactive HtrA2, respectively. Further, HNF-4a (SEQ ID NO: 35) to v^*ich (6 x His) -Xpress-tag was 
ligated at the N-terminal was used as HNF-4a. 
[0142] Mature HtrA2 and mature HtrA2 (S306A) 

Mature HtrA2 and mature HtrA2 (S306A) were prepared by similar procedures as used in 
Example 2. 

[0143] 2. Preparation of HNF-4a expression plasmid 

HNF-4a gene was amplified by PGR using Human Brain polyA'llNA as a template. A 
nucleotide substitution that may be a result of PGR enx)r was corrected with Quick Change Site- 
Directed Mutagenesis kit (Stratagene). ASer that, HNF-4a gene was integrated into animal cell 
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expression plasmid pcDNA3-.l/His (Invitrogen) that gives a (6 x His>Xpiess-tagged N-tenninal, to 
construct HNF-4a expression plasmid (HNF-4a/pcDNA3.1/His). The deduced amino acid sequence 
encoded by the cloned HNF-4a DNA was identical with the amino acid sequence of HNF-4a 
disclosed in Swiss-Prot database with the accession number P41235 (registered gene name is HNF4A). 
The nucleotide sequence of HNF-4a DNA obtained in this Example and the amino acid sequence 
encoded by the DNA are shown in SEQ ID NO: 34 and SEQ ID NO: 35, respectively. 
[0144] Using the HNF-4a expression plasmid, recombination of HNF-4a DNA to animal cell 
expression plasmid pCMV-Tag2 (Stiatagene) that gives a FLAG-tagged N-temiinal at EcoRI site was 
carried out to construct the HNF-4a e5q)ression plasmid (HNF-4a/pCMV-Ta^). 
[0145] 3. Preparation of HNF-4a 

HEK293T cells were cultured to 1 .5 x 10^ cells /lO cm Dish. Next day, the ejqjression 
plasmid of HNF-4a (10 ng/Dish) was transfected into HEK293T cells using FuGene 6 (Roche). Forty 
eight hours later, cells were washed with PBS, followed by adding 1 ml of lysis buffer B (50 mM Tris- 
HCl (pH 7.6), 150 mM NaCl, 1% Triton X-100, 1% Nonidet P-40 (NP-40), Complete Mini-EDTA 
fiee), and left to stand on ice for 1 0 min. Then, cells were coUected with a scraper, put into a 1 .5 ml 
tube, subjected to sonication under ice-cooling (1 5 sec x 6 times), left to stand on ice for 20 min, 
suspended by pipetting, followed by subjecting centrifiigation (15,000 rpm, 30 min, 4°C) to separate 
into a soluble fiaction and an insoluble fiactiorL The soluble fiactions were used as a test sample, 
(hereinafter to be referred to as HNF-4a soluble fiaction). 
[0146] <Methods> 

HNF-4a captured on the resin by immunoprecipitation was used in the experiments in order 
to eliminate the influence of proteinaceous impurities contained in the HNF-4a soluble fiaction. More 
specificaUy, 300 ^1 of HNF-4a soluble fiaction was dispensed to six tubes (Nos. 1 to 6), followed by 
adding 20 pi of protein G sepharose 4 FF (Amersham) of 50% slurry that had been subjected to 
blocking with BSA, to each of tubes, subjected to overtumed mixing at 4°C for 1 hour, and then 
subjected to centrifiigation (10,000 rpm, 10 sec, 4°C) to coUect the supernatant, and thus the pre- 
treatmemt (pre-clean) was performed. The resultant supernatant was mixed with 0.4 pi (2 |ig) of anti- 
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FLAG antibcxiy (Sigma) by overturned mixing at 4°C for 3 hours, foUowed by adding 20 pi of protein 
G sepharose 4 FF that had been subjected to blocking with BSA, and then subjected to overturned 
mixing at 4°C overnight Thus, HNF-4a was captured on protein G sepharose 4 FF. 
[0147] Subsequently, protein G sq>harose 4 FF on wiiich HNF-4a was captured was washed with 
500 Ml of washing buffer (50 mM Tris-HCl (pH 7.5), 1 50 mM NaCl, 0.01% Triton X-100) five times, 
and 100 pi of 50 mM Tris-HCl (pH 7.5), 1 50 mM NaCl, 0.01% Triton X-1 00 was added to tubes Nos. 
1 and 2, 100 nl of mature HtrA2 solution (50 fig/ml) was added to tubes Nos. 3 and 4, and 100 |il of 
mature HtrA2 (S306A) solxition (50 ^g/ml) was added to tubes Nos. 5 and 6, respectively. Tubes Nos. 
1 , 3 and 5 were subjected to a reaction at 37^C for four hours, tubes Nos. 2, 4, 6 wore subjected to a 
reaction overnight. After the reaction, the centrrfugation was carried out to remove the supernatant 
The precipitate was subjected to washing/centrifugation for three times with 500 jil of washing buffer, 
followed by adding 80 pi of 2 x SDS sample buffer (containing 0.1% p-mercaptoethanol) and boiling. 
Ten |j1 of the sample thus obtained (80 pi) was subjected to SDS-PAGE and transfeied onto PVDF 
membrane to detect HNF-4a by westem blotting. Anti-FLAG antibody (Sigma) was used as a 
primary antibody for detection, and horseradish peroxidase (HRP) labeled anti-mouse IgG antibody 
(Cell Signaling) was used as a secondary antibody. Detection was carried out using ECL Weston 
Blotting Detection System (Amersham). 
[0148] <Results> 

It was observed that HNF-4a was degraded by mature HtrA2 in vitro. As shown in Fig. 5, 
the band of HNF-4a was reduced significantiy after the reaction of active HtrA2 with HNF-4a for 
overnight (O/N). On the other hand, the degradation of HNF-4a by inactive HtrA2 (mature HtrA2 
(S306A)) was not observed (Fig. 5). 

Example 7 

[0149] (Intracellular protease assay) 

Interaction of HNF-4a vsdth HtrA2 was investigated by intracellular protease assay. 
[0150] <Materials and their preparations> 
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HNF-4a animal cell expression plasmid (HNF-4a/pCMV-Tag2) prepared in Example 6 was 
used as an HNF-4a expression plasmid. Further, as an HtrA2 expression plasmid, mature HtrA2 
(AAVPS) expression plasmid, mature HlrA2 (GVPS) expression plasmid, mature HtrA2 (S306A, 
AAVPS) e?q}ression plasmid, and mature HtrA2 (S306A, AAVPS) expression plasmid were used, all 
of which were prepared in Example 3 . 
[0151] <Methods> 

HEK293T cells were cultured to 1 .5 x 10^ cells /6 cm Dish. Next day, the expression 
plasmid of HNF^ was transfected into HEK293T cells together with the expression plasmid of 
various types of HtrA2 using FuGene 6 (Roche). Each of the expression plasmid of various HtrA2 at 
1 fxg/Dish was added in combination with HNF-4a expression plasmid at 1 ^g/Dish. Forty eight hours 
later, the cells in which the various types of HtrA2 were co-expressed with HNF-4a were added with 
200 pi of lysis buffer B and an equivalent volume of 2 x SDS sample buffer (containing 0.1% P- 
mercaptoefhanol), and then subjected to sonication followed by boiling to use as a test sample. 
[0152] E?q)ression of HNF-4<i and the degradation of HNF-4a were detected by western blotting 
using 10 of the test sample thus obtained. Anti-FLAG antibody (Sigma) was used as a primary 
antibody for detection, and horseradish peroxidase (HRP) labeled anti-mouse IgG antibody (Cell 
Signaling) was used as a secondary antibody. Detection was carried out using ECL Westem Blotting 
Detection System, 
[0153] <Results> 

In the analysis using cells in which the active mutant (mature HtrA2 (AAVPS) or mature 
HtrA2 (GVPS)) was co-expressed with HNF-4a, the band of HNF-4a was reduced significantly (Fig. 
6). On the olher hand, in the analysis using cells in which the inactive mutant (mature HtrA2 S306 
(AAVPS) or mature HtrA2 S306 (GVPS)) was co-expressed with HNF-4a, the reduction of the band 
of HNF-4a was not observed (Fig. 6). 

[0154] As mentioned above, it has been revealed that HNF^a is degraded in the cells by active 
mature HtrA2 (AAVPS) or by active mature HtrA2 (GVPS). On the other hand, HNF-4a was not 
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degraded by inactive type mature HtrA2 (S306A, AAVPS) or inactive type mature HtrA2 (S306A, 
GVPS). 

INDUSTRIAL APPLICABILITY 

[0155] The present invention can be utilized in prevention and/or treatment of diabetes attributable to 
the degradation by HtrA2 of at least one of CREBLl, ATF6, and HNF-4a, and in inhibition of cell 
death (for example, pancreatic p cell death) attributable to the degradation by HtrA2 of CREBLl 
and/or ATF6. Thus, the present invention is extremely viseful in the pharmaceutical fields. 

SEQUENCE LISTING FREE TEXT 

[0156] SEQ ID NO: 1 : DNA encoding HtrA2 precursor protein 
SEQ ID NO: 2: HtrA2 precursor protein 
SEQ ID NO : 3 : DNA encoding mature HtrA2 
SEQ ID NO: 4: mature HtrA2 

SEQ ID NO: 5: Polynucleotide consisting of the same nucleotide sequence of SEQ ID NO: 3, vs4ierein 
the nucleotide of position 520 is g; DNA encoding mature HtrA2 (S306A) 

SEQ ID NO: 6: Polypeptide consisting of the same amino acid sequence of SEQ ID NO: 4, wherein 
the 1 74th amino add residue is substituted by Ala; mature HtrA2 (S306A) 

SEQ ID NO: 7: Polynucleotide consisting of flie same nucleotide sequence of SEQ ID NO: 3, wherein 

the nucleotides of position 4-15 are deleted; DNA encoding mature HtrA2 (delta AVPS) 

SEQ ID NO: 8: Polypeptide consisting of the same amino acid sequence of SEQ ID NO: 4, wherein 

the amino add residues from the 2nd to the 5th are deleted; mature HtrA2 (delta AVPS) 

SEQ ID NO: 9: Polynucleotide consisting of the same nucleotide sequence of SEQ ID NO: 3, wherein 

the nucleotide of position 5 is g; DNA encoding mature HtrA2 (GVPS) 

SEQ ID NO: 10: Polypeptide consisting of the same amino add sequence of SEQ ID NO: 4, wiierein 
the 2nd amino add residue is substituted by Gly; mature HtrA2 (GVPS) 
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SEQ ID NO: 1 1 : Polynucleotide consisting of the same nucleotide sequence of SEQ ID NO: 5, 
wherein tiie nucleotides of position 4-15 are deleted; DNA encoding mature HtrA2 (S306A, delta 
AVPS) 

SEQ ID NO: 12: Polypeptide consisting of tiie same amino acid sequence of SEQ ID NO: 6, vsiierein 

the amino acid residues fiom the 2nd to the 5th are deleted; mature HtrA2 (S306A, delta AVPS) 

SEQ ID NO: 13: Polynucleotide consisting of the same nucleotide sequence of SEQ ID NO: 5, 

wherein the nucleotide of position 5 is g; DNA encoding mature HtrA2 (S306A, GVPS) 

SEQ ID NO: 14: Polypeptide consisting of the same amino acid sequence of SEQ ID NO: 6, wherein 

the 2nd amino acid residue is substituted by Gly; mature HtrA2 (S306A, GVPS) 

SEQ ID NO: 15: DNA encoding CREBLl 

SEQ ID NO: 16: CREBLl 

SEQ ID NO: 17: DNA encoding ATF6 

SEQIDNO:18:A1P6 

SEQ ID NO: 19: Designed polynucleotide based on the nucleotide sequence of SEQ ID NO: 3 for use 
as aprimer to obtain mature HtrA2 DNA 

SEQ ID NO: 20: Designed polynucleotide based on tiie nucleotide sequence of SEQ ID NO: 3 for use 

as aprimer to obtain mature HtrA2 DNA 

SEQ ID NO: 21 : Designed polynucleotide based on the nucleotide sequence of SEQ ID NO: 3 for use 
as a primer to obtain mature HtrA2 (S306A) DNA 

SEQ ID NO: 22: Designed polynucleotide based on the nucleotide sequence of SEQ ID NO: 3 for use 
as a primer to obtain mature HtrA2 (S306A) DNA 

SEQ ID NO: 23: Designed polynucleotide based on the nucleotide sequence of SEQ ID NO: 15 for 

use as a primer to obtain CREBLl DNA 

SEQ ID NO: 24: Designed polynucleotide based on the nucleotide sequence of SEQ ID NO: 15 for 
use as aprimer to obtain CREBLl DNA 

SEQ ID NO: 25: Designed polynucleotide based on the nucleotide sequence of SEQ ID NO: 15 for 
use as a primer to obtain CREBLl DNA 
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SEQ ID NO: 26: Designed polynucleotide based on Ihe nucleotide sequence of SEQ ID NO: 1 5 for 
use as a primer to obtain CREBLl DNA 

SEQ ID NO: 27: Designed polynucleotide based on the nucleotide sequence of SEQ ID NO: 1 7 for 
use as a primer to obtain ATF6 DNA 

SEQ ID NO: 28: Designed polynucleotide based on the nucleotide sequence of SEQ ED NO: 1 7 for 
use as aprimer to obtain ATF6 DNA 

SEQ ID NO: 29: Designed polynucleotide based on the nucleotide sequence of SEQ ED NO: 1 7 for 
use as aprimer to obtain ATF6 DNA 

SEQ ID NO: 30: Designed polynucleotide based on the nucleotide sequence of SEQ ED NO: 17 for 
use as aprimer to obtain ATF6 DNA 

SEQ ED NO: 3 1 : Designed polynucleotide based on the nucleotide sequence of SEQ ED NO: 1 7 for 
use as aprimer to obtain ATF6 DNA 

SEQ ID NO: 32: Designed polynucleotide based on the nucleotide sequence of SEQ ID NO: 3 for use 

as a primer to obtain mature HtrA2 (delta AVPS) DNA 

SEQ ID NO: 33: Designed polynucleotide based on the nucleotide sequence of SEQ ID NO: 3 for use 
as aprimer to obtain mature HtrA2 (GVPS) DNA 
SEQ ID NO: 34: DNA encoding HNF^alpha 
SEQ ID NO: 35:HNF-4a 
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